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[57] ABSTRACT 

A compression interlocking system for stabilizing long bone 
fractures, comprises an elongated incramedullary rod having 
a proximial end. a distal end and a longitudinal axis, the rod 
adapted for extending within a bore generally parallel to a 
longitudinal axis of a long bone from a proximal end of the 
bone to beyond a fracture of the bone, a threaded member for 
fixing the proximal end of the rod to a first portion of a bone 
having a fracture, a second member for fixing the distal end 
to a second portion of the bone having the fracture, and a 
cam for moving the second portion of the bone toward the 
first portion of the bone for closing and applying compres- 
sion to the fracture. 

16 Claims, 5 Drawing Sheets 
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BI-DIRECTIONAL UNIVERSAL DYNAMIC 
COMPRESSION DEVICE 

REFERENCE TO RELATED APPLICATION 

This is a Continuation-in-part of application Ser. No. 
08/618366 filed Mar. 19. 1996. and entitled "UNIVERSAL 
DYNAMIC COMPRESSION DEVICE FOR INTRAMED- 
ULLARY SYSTEM*. 

BACKGROUND OF THE INVENTION 

The present invention relates to medical devices and 
pertains particularly to an improved rod fixation system for 
fractures in long bones. 

Fractures in long bones in the human body can properly 
heal only if the two portions of the fractured bones are 
properly positioned and fixed relative to each other. Such 
fractures are frequently assisted in their mending by utilizing 
either an external or internal splints Internal splints are 
preferred for most fractures and consist of an elongated 
intramedullary rod or nail inserted in a bore extending along 
the axis of the bone and secured by screws to tie the two 
parts of the fractured bone together until healing can occur. 
A major difficulty with prior art devices in the case of 
humerus is that non-union or delayed union frequently 
occurs. I have found that part of the reason is that the applied 
force is tensile force rather than compression required to 
force the two parts of the fractured bone together to enable 
mending. 

In my prior patent. U.S. Pat. No. 5.480.402. entitled 
"Shoulder Compression Interlocking System". I disclosed 
an improved rod and interlocking system which improved 
the stabilization of bone fractures. However, that structure 
was unable to apply the necessary compressive forces dis- 
covered to be necessary. 

In fracture healing, there are two basic requirements: 
osteoconduction and osteoinduction. Osteoconduction is a 
physical, mechanical requirement Contact or continuity of 
bone ends is important for fracture healing. Osteoinduction 
is the consideration of biological biomechanics induction of 
bone healing and bone formation. Blood circulation, soft 
tissue preservation. Wolfs law are important considerations 
for osteoinduction. 

Nonsurgical treatment with cast application stresses 
osteoinduction aspect in fracture healing. Surgical fixation, 
such as plate fixation stresses more of the osteoconduction 
aspect- In this method, a small gap in the fracture fixation 
can be very harmful with danger of nonunion developing. 
Successful healing of the callus tissue is affected by the 
stress it received (Perren). Stress is a function of the fol- 
lowing factors: 

ai At = motion in the gap 

Stress a — i — 

' / = width of [he gap 

Therefore, a small gap in internally fixed fracture imposes 
greater danger of developing nonunion than a nonoperative 
fracture with a larger gap. Under- such circumstances, there 
is already less reliance on osteoinduction and the benefit of 
osteoconduction is compromised by micromotion significant 
in proportion to the size of the gap. 

Intramedullary rod fixation without interlocking provides 
internal splint effect. It gives closer reduction to provide 
better anatomical alignment and osteoconduction effect. 
Weight bearing allows compression of fracture site narrow- 
ing gaps. The rod still allows transfer of Wolf's stress and 
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osteoinduction. However, intramedullary rod system does 
not provide torsional stability. Therefore interlocking 
intramedullary fixation system was devised to compensate 
for torsional stability or to prevent excessive shortening 
when a comminuted fracture did not provide cortical stabil- 
ity. 

Interlocking intramedullary rod systems are currently 
widely used. As a result, the interlocking system, though it 
may provide rotational stability, usually creates fixed gap at 
the fracture site. The gap bypasses the stress from the bone 

to to the implant sometimes causing implant failure such as 
screw or rod breakage. Delayed union is the frequent result. 

Interlocking rod fixation does not completely eliminate 
micro motion due to an oscillating or windshield wiper 
effect. To eliminate the windshield wiper effect, some manu- 
facturers made two plane interlocking in the distal tibia. The 

15 two plane interlocking requires more soft tissue disturbance 
and increases risks of injury. 

A more ideal system would be an interlocking rod with 
minimal micromotion but with compression or elimination 
of any gap. The benefits of my new invention in comparison 

20 can be summarized as follows: 

1) Narrows the fracture gap to the point of contact 
providing osteoconduction. 

2) Eliminates micromotion. 

3) Provides dynamic compression at the fracture site, and 
25 therefore, osteoinduction through Wolfs stress. 

4) Shares the stress through the fractured long bone 
between die bone and the implant rather than having 
the implant take up the entire stress. As a result, implant 
failure such as rod or screw breakage will be mini- 

30 mized. 

5) Reduces motiop^at the distal interlocking (windshield 
wiper motion ^L^hternal locking of the rod with this 
newly designed compression screw. Therefore, with 
one plane approach it achieves the benefit of two plane 

35 stability. 

The aforementioned parent application solved many of 
the above problems by providing an improved intramedul- 
lary system for providing compression to the fracture site to 
help bring about faster healing with less implant failure. 

40 However, that system suffers from the inability to apply it 
universally, i.e. equally to opposite sides, such as the right or 
left side. 

It is therefore desirable to have a long bone fixation device 
that is simple and universally applicable to both sides. 
There is a need for an improved universal intramedullary 

4 * system for providing compression to the fracture site to help 
bring about faster healing with less implant failure. 

In some applications it may be desirable to insert the 
compression lag screw from one or more different sites, such 
as adjacent sides or opposite sides. This could be particularly 

50 advantageous where the rod is curved and would enable a 
single rod to service in many applications. Suitable modi- 
fications to the rod could be made either by providing an 
additional hole with a cam or by providing an additional 
cam in a common hole. The advantage of using a single cam 

55 for each of two or more holes is that the slope of the cam can 
be ureater with a single cam from one side of the hole. This 
greater slope could have the effect of increasing the com- 
pression on the bone into which the rod is installed. It could 
also enable the provision of a greater length to the slot and 
cam to accommodate larger displacement of the bone sec- 
tions. It also enables the provision of the cammed compres- 
sion slot at any number of different angles about and 
positioned along the length of tile rod. 

SUMMARY OF THE INVENTION 

65 h is therefore a primary object of the present invention to 
provide a more universal and effective long bone fixation 
device. 
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Id accordance with a primary object of the present 
invention, a long bone fixation device wherein interlocking 
screws of rod screw combination have a stepped diameter 
with a semi-spherical shoulder cooperative with cam slots 
on opposite sides of the rod to provide a universal system to 
more effectively apply compression to the fracture site to 
enhance healing. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The above and other objects and advantages of the present 
invention will become apparent from the following descrip- 
tion when read in conjunction with the accompanying draw- 
ings wherein: 

FIG. 1 is a front elevation view of an exemplary preferred 
embodiment of the invention shown in position for use; 

FIG. 2 is a side elevation view of the embodiment of FIG. 
1 showing the invention in a fir it stage of applying com- 
pression to a fracture; 

FIG. 3 is a view like FIG. 2 showing the invention in a 
second stage of applying compression to a fracture; 

FIG. 4 is a view like FIG. 2 showing the invention in a 
final stage of applying compression to a fracture; 

FIG. 5 is an enlarged partial side elevation view of the 
cam area of the rod; 

FIG. 6 is an enlarged partial front elevation view of the 
cam area of the rod; 

FIG. 7 is a section view taken generally along line 7—7 
of FIG. 5; 

FIG. 8 is a section view taken generally along line 8 — 8 
of FIG. 5; 

FIG. 9 is a section view taken generally along line 9—9 
of FIG. 5; 

FIG. 10 is a section view taken generally along line 
10— 10 of FIG. 5; 

FIG. 11 is a view like FIG. 1 of an alternate embodiment 
of the invention; 

FIG. 12 is a side elevation view of an alternate embodi- 
ment of a lag screw; 

FIG. 13 is a front elevation view showing an alternate 
embodiment with a bidirectional cam and slot arrangement; 

FIG. 14 is a section view taken generally on line 14—14 
of FIG. 13; 

FIG. 15 is a view like FIG. 13 of a further embodiment of 
the invention; 

FIG. 16 is a view like FIG. 14 of the embodiment of FIG. 
IS; 

FIG. 17 is a section view taken on line 17 — 17 of FIG. 15; 

FIG. 18 is a section view taken online 18 — 18 of FIG. 15; 

FIG. 19 is a view taken on One 19—19 of FIG. 15; 

FIG. 20 is a side elevation view in section showing a rod 
positioned in a bone structure with a lag screw in a position 
of partial insertion; 

FIG. 21 is a view like FIG. 20 showing the lag screw in 
a further advanced position of insertion; and 

FIG. 22 is a view like FIG. 21 showing the lag screw in 
the fully inserted position. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is directed to an improved 
intramedullary rod fixation system for long bones for fix a- 
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tion of bones that have been fractured. Referring specifically 
to FIG. 1 of the drawings there is illustrated a front elevation 
view in section of a bone having an exemplary embodiment 
of the rod designated generally by the numeral 10. in 

5 accordance with the invention positioned therein. The rod 
(sometimes called pin or nail in the art) comprises an 
elongated unitary or integral hollow body having a head or 
proximal end 12 an elongated intermediate body portion 14 
and a distal tip 16. The head end 12 may be formed by a 

10 suitable threaded bore and is provided with alignment lugs 
18. These lugs are used in conjunction with a guide fixture 
for a Ligament for drilling and insertion of lag screws as is 
known in the art. The rod 10 is provided with one or more 
transverse screw receiving bores 20 near the proximal end 

j5 for receipt of fixation lag screws 22. It may be similarly 
provided with one or more similar bores near the distal up 
so as to be positioned beyond the fracture which it is to fix. 

An oblong transverse bore 24 is formed in an intermediate 
position of the shank of the rod 14 at a position to be beyond 

20 a fracture in a bone in which die rod is mounted. Surround- 
ing the bore or hole 24 is a cam 26 which cooperates with 
a shoulder on a specially constructed lag screw 28 for 
applying compression to a tract ure between two portions of 
a fractured bone. The cam 26 is formed by a sloping surface 

25 suiTounding the hold or bore 24. The rod. as illustrated in 
FIG. I is inserted into a longitudinally extending bore 
formed along the center axis of a long bone designated 
generally by the numeral 30. The bone, as illustrated, has an 
upper portion 32 and a lower portion 34 which has been 

30 fractured from the upper portion along a fracture 36. In the 
illustrated embodiment the rod 14 has been inserted along 
the bone in a conventional fashion. The present invention is 
designed to be utilized in any long bone of the body, such as 
the humerus, femur, tibia and other bones. The rod prefer- 

35 ably has a cannula or elongated longitudinal bore to enable 
the use of a guide wire (not shown) in a conventional 
fashion. 

Referring to FIG. 2 of the drawing a side elevation view 
in section of the embodiment of FIG. 1 showing the cora- 
40 pression mechanism of the present invention is illustrated. 
As illustrated, the bore 24 extends across the rod and is 
oblong or has a somewhat oval configuration defining a 
somewhat slot like structure extending along the longitudi- 
nal axis of the rod 14. Surrounding the bore is a sloping cam 
45 track 26 which forms a wedge -like cam sloping inward in 
the longitudinally upward direction, or toward the head of 
the rod or pin. This track cooperates with a shoulder 38 on 
the stepped diameter lag screw 28 between a smaller diam- 
eter portion 40 at the distal end and a larger diameter portion 
50 42 near the head 44 of the lag screw. The forward or distal 
end of the lag screw 28 is formed with self-tapping threads 
to aid in threading the screw into the bone portion 34. The 
lag screw is also formed with self -tapping threads on the 
larger portion 42 at the head and preferably with a non- 
53 threaded portion adjacent the shoulder on the head side. The 
head 44 is preferably formed with a hex socket for engage- 
ment with an Allan wrench. 

In operation, once the rod 14 has been inserted into a bone 
30. as shown in FIG. I. a typical guide instrument is utilized 
60 to align a suitable drill with bores at the upper end of the rod. 
such as bore 20 to enable the drilling of holes for insertion 
of lag screw 22. Additional screws may be utilized in the 
arrangement, shown for example in my prior patent, iden- 
tified above. Once the rod is anchored in the upper portion 
65 32 of the bone 30 the lower bone is properly positioned and 
properly oriented. The guide fixture is then utilized to locate 
and drill a hole in the bone portion intersecting the bore 24. 
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as shown in FIG. 2. Preferably the hole through the bone will 
intercept the oblong bore 24 at its lower most end so that 
when screw 28 is inserted, ample room for biasing and 
movement of the bone and screw upward to establish 
compression in the fracture will be provided. As will be 5 
appreciated, the screw 28 having a step diameter, a first drill 
for portion 40 will be drilled through the bone in alignment 
with the lower most end of bore 24. Thereafter, a larger hole 
will be made up to the edge of the rod 14. A preferred 
method is the utilization of a cannulated or hollow second 10 
diameter bore drill that fits over the first drill utilizing the 
first drill as a guide to maintain precise alignment. 

Once the hole is made into the bone, the screw 28 is 
inserted through hole 24 and threaded into the far side of the 
bone. As the screw threads into the bone, the shoulder 38 of *5 
screw 28 engages and biases against cam surface 26. As the 
screw 28 moves further inward, it rides upward on the slope 
26 carrying the bone portion 34 there along to further move 
the bones closer together in the area of the fracture 34. as 
shown in FIG. 3. The screw 28 is threaded in until the lower 20 
bone portion moves into engagement with the upper portion 
14 and a suitable compression is established. In the ideal 
position, a suitable compression is reached as the screw 
approaches or nears the bottom of the slope of the cam 26. 
as shown in FIG. 4. 25 

The rod 14 may have a curved configuration, as 
illustrated, or may have a straight configuration depending 
on its application. The dimensions of the rod including 
length, diameter, number and position of holes may also ^ 
vary, depending on the requirements. 

Referring to FIG. 11. further embodiment is illustrated 
showing a straight rod 48 and utilizing a fixation thread 52 
at the top or head SO. as illustrated. The straight rod can be 
rotated to fix it in the bone by threads 52. which are 3$ 
preferably self-tapping. Additional bores may be provided in 
the rod in any number of positions and angles, such as 
disclosed in ray prior patent The additional bores may be 
positioned to receive conventional lag screws to more 
securely fix the bone portions to the rod. ^ 

Referring to FIG. 12. an alternate embodiment of a 
compression lag screw designated generally by the numeral 
SO is illustrated. The screw has a reduced diameter threaded 
forward portion 52 and an enlarged threaded rear portion 54. 
A bearing shoulder 56 is formed by a spherical portion 58 45 
intermediate the two different diameter portions of the lag 
screw with the larger diameter portion down to provide a 
greater spherical surface. This construction may be preferred 
in many applications. 

Referring to FIGS. 13 and 14. a rod 60 is formed with a 50 
double cam elongated through slot 62 having opposing cam 
surfaces 64 and 66. The cam surfaces 64 and 66 are directly 
opposed to one another at opposite ends of the bore 62. The 
cam surfaces, as will be appreciated, have a depth of only Vi 
of the diameter of the rod 60 with a length equal to the height 55 
or length of the slot 62. With this arrangement, a lag screw 
such as that illustrated at 28 in FIGS. 2-4. or that in FIG. 12 
may be inserted from cither side of the rod 60. Thus, the rod 
becomes universal in the sense that it can be utilized for the 
left or right side, for example. The depth of the cam. ^ 
however, may be on the order of about V2 that of a single cam 
bore, as in the previous embodiments. This results in a 
shallower slope cam surface, thus resulting in lower (lesser) 
forces on the bone structure to cam the bone structures 
together. 65 

Referring to FIGS. 15 and 16. an alternate embodiment is 
illustrated wherein a rod 68 is formed with an oblong 
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through slot 70 having a pair of opposed cams formed by 
triangular cam structures 72 and 74. The cam structure 72 
and 74 terminates short of the top wall 76 of the bore 70. 
thereby leaving an opening through which the lag screw or 
boh may extend, as will be subsequently explained. This 
cam structure provides a sleeper slope than that of FIGS. 13 
and 14. thereby providing greater compression on the bone 
structure. This structure may also provide substantially the 
same distance of movement of the bone structure bringing 
the two bone portions together. 

The cam structure 72 forms two cam surfaces, only one of 
which. 78. is illustrated. The cam structure 74 similarly 
forms two cam surfaces. 80 and 82 as shown in FIG. 16. 
which may be engaged by a lag screw from opposite sides 
of the rod. 

Referring to FIGS. 17.18 and 19. cross -sectional areas of 
the through bore with the cam structure are illustrated. As is 
illustrated in FIGS. 17. the upper portion of the bore 70 
above the cam structure provides an opening for substantial 
passage of the lag screw, as will be described. It will also be 
appreciated, as shown in FIG. 1 7. that the slot opens outward 
at both sides to accommodate minor deviations of the 
direction of the screw at insertion. Thus, minor deviations of 
the rod about its axis are accommodated allowing the screw 
to be inserted into the cross slot. 

Referring to FIG- 18. a lop portion of the cam surfaces is 
illustrated, showing the cam and its projection inward into 
the cross slot. The camming surfaces 72a and 12b and 74a 
and 14b are shown angled toward the sidewalls of the slot. 
However, they may extend straight in toward the wall (i.e. 
at 90"). 

FIG. 19 illustrates a cross-section of a lower portion of the 
slot and cam combination. It would have the same slope and 
angle to the walls. 

Referring to FIG. 20. a cross -sectional view of a rod 68 
inserted into a bone, a portion of which. 84. is illustrated. A 
lag screw designated generally at 86. has a distal reduced 
diameter threaded portion 88 and a proximal larger diameter 
portion 90 having a threaded section 92 adjacent a head 94. 
A shoulder 96 of a semi spherical configuration forms a 
transition between the larger diameter portion 90 and the 
smaller diameter portion 88. The shoulder 96 engages the 
laterally adjacent cam surfaces 78 and 80 and cams the bone 
section 84 upward relative to the rod 68. This closes and 
applies a compression to the fracture, as previously 
described with respect to other embodiments. 

As shown in FIG. 20. the screw 90 has reached substan- 
tially the end of the cam surfaces with a little further 
camming distance to go. 

Referring 10 FIG. 21. the screw 86 has reached the end of 
the cam surface 80 thereby reaching the end of movement of 
the none section relative to the rod 68. 

Referring to FIG. 22. the lag screw portion 90 has 
extended beyond the up of the cam 74 and partially across 
the bore, thereby locking the bone and rod together. Thus, it 
can be seen that there are described embodiments wherein a 
lag screw can be inserted from different angles about the axis 
of the rod. thereby providing a universal compression 
assembly. 

\Vhile I have illustrated and described my invention by 
means of specific embodiments, it is to be understood that 
numerous changes and modifications may be made therein 
without departing from the spirit and the scope of the 
invention as defined in the appended claims. 
1 claim: 

1. A compression interlocking system for stabilizing long 

bone fractures, comprising: 
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elongated intramedullary rod means having a proximal 
end. a distal end and a longitudinal axis, said rod means 
adapted for extending within a bore generally parallel 
to a longitudinal axis of a long bone from a proximal 
end of the bone to beyond a fracture of the bone: 5 

first means for fixing said proximal end to a first portion 
of a bone having a fracture; 

second means for fixing said distal end to a second portion 
of the bone having the fracture; and 1Q 

compression means associated with said second means 
and accessible from at least two sides of said rod for 
moving said second portion of the bone toward said 
first portion of the bone for applying compression to the 
fracture* said compression means comprising cam l5 
means on said two sides of said rod and a lag screw 
having shoulder means for engaging said cam. 

2. A system according to claim 1 wherein said second 
means comprises a transverse bore in said rod. and a lag 
screw for extending through said bore and anchoring in said 2Q 
second portion of said bone. 

3. A system according to claim 1 wherein said cam 
comprises a sloping surface surrounding said bore in said 
rod. 

4. A system according to claim 3 wherein said bore is 25 
elongated slot-like for enabling said screw and said bone 
portion to move longitudinally of said rod. 

5. A system according to claim 1 wherein said second 
means comprises a transverse bare in said rod. said bore 
having an elongated diameter longitudinally of said rod. and 3Q 
a lag screw for extending through said bore and anchoring 
to said bone portion. 

6. A system according to claim 5 wherein said compres- 
sion means comprises a cam on said rod and said lag screw 
having rounded shoulder means for engaging said cam 35 

7. A system according to claim 6 wherein said cam 
comprises an elongated sloping surface surrounding said 
elongated bore in said rod. 

8. A system according to claim 6 wherein said first means 
for fixing said proximal end comprises self -tapping threads ^ 
on said proximal end. 

9. A system according to claim 1 wherein said first means 
for fixing said proximal end comprises self-tapping threads 
on said proximal end. 

10. A compression interlocking system for stabilizing 45 
long bone fractures, comprising: 

elongated intramedullary rod means having a proximal 
end. a distal end and a longitudinal axis, said rod means 
adapted for extending within a bore generally parallel 
to a longitudinal axis of a long bone from a proximal 50 
end of the bone to beyond a fracture of the bone; 

proximal fixing means for fixing said proximal end to a 
first portion of a bone having a fracture: 

a transverse bore in the rod means for positioning in a 
second portion of the bone at a position beyond the 53 
fracture from said proximal end. said transverse bore 
having a predetermined diameter and a configuration 



enabling a lag screw to move longitudinally of the rod 
when viewing in elevation view of the rod means; 
cam means on said rod adjacent said bore for engaging 
and camming a lag screw along from either side of said 
axis of said rod means so that said lag screw may be 
moved along said axis relative to said rod; and 
a stepped diameter lag screw for extending across said 
second portion and through said transverse bore, said 
lag screw having a stepped diameter with a forward end 
having a diameter less than said predetermined diam- 
eter and a rear end greater than said predetermined 
diameter, and a shoulder between said diameters for 
engaging said cam means on said rod. 

11. A system according to claim 10 wherein said bore has 
an elongated diameter disposed longitudinally of said rod. 
and said cam comprises an elongated sloping surface sur- 
rounding said elongated bore, saidlag screw having rounded 
shoulder means for engaging said cam. 

12. A system according to claim 11 wherein said proximal 
fixing means for fixing said proximal end comprises self- 
tapping threads on said proximal end. 

13. A system according to claim 10 wherein said proximal 
fixing means for fixing said proximal end comprises self- 
tapping threads on said proximal end. 

14. A compression interlocking rod for use in stabilizing 
long bone fractures, comprising: 

elongated intramedullary rod member having a proximal 
end. a distal end and a longitudinal axis, said rod 
member adapted for extending generally parallel to a 
longitudinal axis within a bore of a long bone from a 
proximal end of the bone to beyond a fracture of the 
bone: 

a first transverse bore means for receiving a screw for 
fixing said proximal end to a first portion of a bone 
having a fracture; 
a second transverse bore means for fixing said distal end 
to a second portion of the bone having the fracture; and 
compression cam means associated with each end of said 
second transverse bore means and engagablc from 
either side of said rod by a lag screw having a shoulder 
for moving said second portion of the bone toward said 
fust portion of the bone for applying compression to the 
fracture. 

15. A rod according to claim 14 wherein said compression 
cam means comprises a cam on said rod and said lag screw 
having rounded shoulder means for engaging said cam. 

16. A rod according to claim 14. further comprising a 
stepped diameter lag screw for extending across said second 
portion and through said second transverse bore, said lag 
screw having a stepped diameter with a forward end having 
a diameter less than said transverse bore and a rear end 
greater than said transverse bore, and a shoulder between 
said diameters for engaging said cam means on said rod. 
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This invention relates to compound screws and 
more particularly to screws axlally provided inte- 
grally with plural shank sections of which the 
lower section is of a lesser diameter than that of 
the next upper one. 

• The applicant is aware that the previous art 
discloses screws having gimlet terminals, and 
conical and pin points, but each of terminals and 
points thus shown is a part of the ordinary for- 
mation of screw having but a single shank. 

Referring to the accompanying drawing, the 
Figure 1 illustrates a compound screw with a 
conoldal terminal and of which the thread of the 
lower section is an unbroken continuance of the 
thread of the upper section; Figure 2 illustrates 
a similar compound screw, but of which the 
thread of the upper section terminates in a cut- 
ting shoulder; Figure 3 illustrates another simi- 
lar compound screw having the thread of the 
upper section terminate in a cutting shoulder, 
but the lower section being unthreaded and hav- 
ing a conoidai terminal; and Figure 4 illustrates 
still another similar compound screw, but of 
three sections of which the intermediate section 
comprises a threaded shank of a lesser diameter 
than that of the uppermost section, and of a 
greater diameter than that of the lowest section. 

With more particular reference to the accom- 
panying drawing, the numeral I designates the 
head of the compound screw, which head may be 
as illustrated in the various figures, or may he of 
any other desired form, or entirely omitted. In 
the Figure 1 the upper shank section 2 of sub- 
stantially cylindrical form is provided with the 
screw thread 8. The numeral 4 designates the 
lower shank section of lesser diameter than that 
of the shank section 2 and also of substantially 
cylindrical form. The section 4 is peripherally 
provided with the screw thread 6 of the same 
number of convolutions to the inch with which 
the section 2 is provided, the thread of the sec- 
tion 4 being a continuation of the convolutions 
of thread 8 of the section 2. The periphery of the 
compound screw structure at place of association 
of the sections 2 and 4 is of such form as to elim- 
inate angles, as at 6. The terminal 1 of the com- 
pound screw structure is of conoldal formation, as 
distinguished from the more common pointed 
terminal. 

In driving the compound screw, illustrated by 
the Figure 1, into^unbored wooden material, or 
the like, the/cbnoyai terminal 1 is first placed 
upon the surf ace-of the material and then driven 
therein by. means of hammer blows, or the like, 
until the thread 5 begins to enter the wood. 



Then, by turning the compound screw by means 
of a screw-driver or the like, the lower threaded 
section 4 enters the depression made by the ter- 
minal and, further compressing the material 

5 therein, marginally forms Its own threaded course 
so that, when the section 4 has entirely entered 
the material, the continued turning of the com- 
pound screw causes the threaded section 4 to 
gradually draw the threaded section 2 within the 

10 material to further marginally depress and to 
form its threaded course of increased diameter 
therein. The advantage of having the section 4 
first enter the material is at least two-fold: The 
section J is o f course^easie r to enterjhe^ materj al, 

15 ~if Seing oflesser diameter tharfthat of the section 
2, and.'rtal'ing-fully-entered, draws the section 2 
therein after it, and the lateral strain upon the 
material which would have occurred had the 
section 2 first been introduced is avoided by means 

20 of the compound structure. 

In the Figure 2 there are shown the head l\ 
upper section 2', upper section thread 6', the pe- 
riphery 6' and the conoidai terminal 7', the thread 
%' however terminates with the cutting shoul- 

25 der 8. In driving this compound screw Into 
unbored material, the operation is similar to 
that of the Figure 1. excepting that jthe threaded 
_ sectlon -l-l-haying entered the material will, upon 
further turning of the compound screw therein, 

30 draw the cutting shoulder 8 of the thread 3' 
of the section 2' of the greater diameter into 
contact with the material to marginally cut its 
enlarged threaded course therein, thereby fur- 
ther depressing the material as in the Figure 1. 

35 In the Figure 3, as in the previous figure, 
there are illustrated the head I", upper section 
2", upper section thread 2", the lower section 
4". the periphery 6", the conoidai terminal T" 
and the cutting shoulder 8' of the thread 

40 the lower section 4" of less diameter than that 
of the section 2" being shown as unthreaded. 
In driving this compound screw into unbored ma- 
terial, the operation is similar to that of the 
previous figures, excepting that sufficient ham- 

45 mcr blows, or the like, are necessary to dTive 
the lower section 4" entirely into the material 
until the cutting shoulder 8' of the threaded 
section 2" of greater diameter is drawn into 
the material wherein it may marginally cut its 

50 enlarged threaded course therein upon the turn- 
ing of the compound screw. 

In the Figure 4, there is illustrated a compound 
screw in which the component Integral sections 
combine the head I"', the uppermost shank 

55 section 2"' having the thread 3'" with the inter- 
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mediate section 4"' having the thread 5"', the 
periphery 6'" connecting the sections 2"' and 
4"\ and the unthreaded section 9, the periph- 
ery 10 connecting the sections 4"' and 9, the 
compound screw terminating with the conoidal 
formation V". In driving this form of com- 
pound screw into unbored material, the opera- 
tion is similar to that of the Figure 3, with the 
exception that hammer blows, or the like, will 
have driven the unthreaded section 9 into the 
■material before the threaded intermediate sec- 
tion 4'" can be turned into the material to be 
followed by the threaded section V" which 
finally is turned therein. This last described 
form of compound screw is well adapted for easy 
driving into material where a^ longer compound 
screw of greater section diameters may be used 
to advantage. 

While the threaded sections are above de- 
scribed as having, in each instance, similar con- 
volutions of uniform number to the inch, it is 
to be understood that such number may be 
varied with reference to sections of the same 
compound screw. Also, while the threaded 
.. sections are shown as having single convolutions 
of thread, they may just as well be provided 



10 



20 



25 



with multiple convolutions, if desired. It is 
further understood that the invention herein 
disclosed is not to be confined to the illustrations 
shown, they being merely illustrative of differ- 
ent embodiments of the invention, and other 
combinations of compound screw sections, with- 
in the spirit of the invention, are intended to be 
included herein. % ■ , 

I claim : 

A compound screw adapted to be driven into 
nonbored wooden material, or the like, the screw 
comprising a headed cylindrical shank section 
threaded from adjacent said head throughout 
its length ; one or more other cylindrical shank 
sections, each of less diameter than that of the 
headed and preceding section, certain of said 
other sections being threaded throughout and 
the convolutions of all threaded sections being 
of the same number to the inch; nonthreaded 
tapered sections integrally connecting the cylin- 
drical sections; a substantially abrupt cutting 
shoulder with which each terminal of the 
threaded sections is provided; and a conoidal 
terminal provided by the screw. 

EDWIN AUGUST MILLER. 
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ABSTRACT 



In a screw device (10; 80) , for >f^ g^prosthese^o bones, 
the threaded shank (14) comprises a core (32, 34) of 
overall frusto-conical shape. The screw has a cylindri- 
cal neck (12) of diameter equal to or greater than the 
maximum diameter of the thread. This latter is of two 
different types, namely a first thread (26) of Targe pitch 
for fixing into the trabecular bone tissue (52) and a 
second thread (28), which can be of the self-tapping 
type, for fixing into the cortical bone opposite the point 
at which the screw is inserted into the bone. The second 
thread (28) has a number of starts which is a multiple of 
that of the first thread (26). For orthopedic use the 
screw (80) can comprise a third thread (128) on a part of 
the neck (112) for fixing into the relative cortical bone 
(50). A method for applying the screw device (10; 80) 
consists of forming a precision hole (40) in the bone, 
tapping said hole with a tapper (60; 100), and screwing 
the screw (10; 80) into it. The precision hole (40) is 
obtained by using a cutter (100) in the shape of an in- 
verted "wedding cake'', then reaming the obtained cav- 
ity with a manual reamer (140). 

14 Claims, 4 Drawing Sheets 
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METHOD FOR FIXING PROSTHESIS TO BONES 

DESCRIPTION 

This invention relates to means for fixing prostheses 
to bones, and more specifically to screw devices for 
effecting this fixing. The invention also relates to a 
method for applying said screw device and the relative 
instrument for the application. \$ 

As is well known, in terms of mechanical characteris- 
tics bone tissue can be divided into two distinct regions, 
namely the cortical bone region with an elastic modulus 
of between 1000 and 1200 dN/mm 2 and the spongy 
region, of trabecular bone tissue containing medulla or 15 
fat, with an elastic modulus of roughly between 20 and 
400 dN/mm 2 . 

Currently, to execute an implant in any bone, use is 
made of known bone screws which have a substantially 
cylindrical shank and are constructed of a biocompati- 20 
We metal such as titanium, austenitic stainless steel, 
tantalum, niobium or zirconium. These screws require a 
cylindrical hole to be previously drilled in the bone. If 
the screws are of the self-tapping type they are inserted 
directly into the cavity thus obtained, which always has 25 
a diameter less or at most equal to the core of the screw. 
In the case of non self-tapping screws the relative fe- 
male thread has to be formed in the side surface of the 

hole " 

For fixing purposes, known screws utilize either the JU 
mechanical characteristics of the trabecula and there- 
fore have a thread of rather large pitch, of the type 
suitable for fairly soft materials, or the mechanical char- 
acteristics of the cortical bone opposite the point of 
penetration of the screw, which has a thread pitch sig- 
nificantly less than in the previous case and suitable for 
ensuring a good mechanical grip in hard materials, but 
not suitable for gripping the trabecular bone tissue. 

In its turn, because of its thinness the cotical region of ^ 
the bone can generally only receive one large-pitch 
turn. In addition, because of its relative fragility the 
cortical bone tissue is unsuitable for receiving a large- 
pitch thread. 

This applies particularly to the cortical bone located ^ 
on the same side as that from which the self-tapping 
screw or thread tapper is inserted. In this respect, as 
stated the thread of the screw or tapper has a diameter 
greater than that of the drilled hole. In addition the 
screw neck (i.e. the cylindrical end of the screw to 50 
which the prosthesis is fixed, and which is normally not 
threaded but enters the cortical bone) has a diameter 
less than that of the thread. As a result, on inserting the 
self-tapping screw or tapper into the drilled hole the 
most outer part, i.e. the cortical bone, of the bone tissue 55 
is removed. Consequently, once the screw has been 
inserted into the bone, an empty annular space remains 
around the screw neck. This means that the cortical 
bone is surgically damaged for a certain area around the 
screw neck. The damage is directly proportional to the 60 
size of the tooth of the thread on the self-tapping screw 
or tapper. That part of the cortical bone which has been 
thus removed does not form again. This represents a 
serious drawback as the cortical bone is the strongest 
region of the bone and the most suitable for supporting 65 
loads, particularly loads perpendicular to the screw 
axis. The cavity for receiving the screw is formed by 
rotary tools mounted on hand -controlled drills. 



2 

The shape and dimensions of the cavity obtained 
depend on various factors, and in particular: 

a) the bone to be drilled; 

b) the drilling tool; 

c) the operator holding the drilling tool. 
The causes influencing these three factors will be 

examined in detail: 

a) The bone to be drilled cannot be fixed rigidly, with 
the result that there is a certain freedom of move- 
ment. It also has a smooth, moist and therefore 
slippery surface. In addition the surface is some- 
what round. Again, the structure is anisotropic so 
that the resistance offered to the tool cutting edge 
varies as drilling proceeds. 

b) The drilling system comprises a drill bit or cutter 
of various shapes, such as a spade tip with a solid 
cylindrical body, a flared tip with a vertically 
grooved body to collect shavings, or a flared tip 
with a helically grooved body to collect shavings. 
No studies appear to have been carried out with the 
purpose of determining the best cutting angle for 
the bone, or conceiving a good system for dis- 
charging the bone shavings which mix with the 
blood and tend to coagulate. As is well known, 
when the drill bit is fitted into the drill it is retained 
by a quick-action mechanism consisting of a hol- 
low neck which receives the relative part of the bit, 
which is thus locked in terms of axial movement, 
whereas the bit has a certain radial play. Conse- 
quently the bit does not route about a fixed axis but 
about an axis which can undergo small oscillations 
and movements perpendicular to itself. The mecha- 
nism which transmits movement to the drill bit can 
also move slightly because of intrinsic mechanical 
play within the mechanism. The combination of all 
these causes means that the drill bit undergoes a 
complex "wobbling" movement. 

c) The hand of the operator gripping the drill is sub- 
ject to muscular control, which varies from opera- 
tor to operator and can also vary with time for the 
same operator. 

From the aforegoing, and considering any cross-sec- 
tion through a drill bit when freely rotating, before it 
makes contact with the bone it describes a peripheral or 
enveloping circle which has a diameter greater than the 
true diameter of the bit at that cross-section, because of 
the effect of said wobbling. 

Moreover when the tip of the drill bit comes into 
contact with the bone, no matter how expert or atten- 
tive the operator is, the bit axis is generally not exactly 
perpendicular to the bone surface. Consequently, even 
if a starter cavity is present (previously made in the 
bone surface), when the operator exerts a certain pres- 
sure on the bit to drill the hole, a non-axial reaction is 
applied to the bit, which consists of one component 
perpendicular to the bit axis to flex it, and a second 
component along the bit axis. Said flexing force has two 
effects, the first being the nullifying of the radial play of 
the mechanism which holds the bit so that said periph- 
eral circle becomes the maximum possible, the second 
effect arising when play has been nullified, to deform 
the bit by flexure, so further increasing the diameter of 
the peripheral circle. 

When the drill bit has initially entered the bone a 
cavity of previously indeterminable diameter results, 
this diameter being in any event certainly greater than 
that of the corresponding cross-section of the bit. This 
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cavity will have a certain depth, say one or two mil lime- with wide variation. To make an initial approximate 

ters. guess at the type of cavity obtained, one must think of a 

It is therefore apparent that the amount of play varies pile of discs with diameters gradually increasing up- 

in practice and cannot be controlled, and it can only be wards and decreasing towards the lower end. The discs 

stated that the drill bit will advance through this first 5 will be slightly off-centre to each other and their centres 

section in a merely "prevalent" direction, being substan- will approximately form an irregular helical pattern. If 

tially that of the theoretical axis of the bit. It is however an ideal axis is imagined passing through the centres of 

apparent from the aforegoing that the inaccuracy will the two end discs, the centres of the intermediate discs 

be somewhat high. will not generally lie on this axis but will lie within a 

In practice, in its initial portion the cavity can be 10 certain helix about it. 
considered to consist of a series of probably irregular if a C \ic\c is drawn having the nominal diameter of 

superposed circles of variable diameter, slightly mutu- tne screw (having an overall cylindrical shape) and 

ally off-centre, to form a cavity extending prevalently in centered on said axis, and then on this circle a further 

a certain direction. circle is drawn having the measured diameter of a cer- 

When further pressure is applied to the drill bit it 15 ^ n cr0 ss-section of the cavity obtained and with its 

advances through the bone. Two new substantial fac- centre in its truc po S i t i on eccentric to the axis, the points 

ton now come into play to influence the operation, 0 f conuct, if there are any, and the maximum distances 

namely the accumulation of shavings which tend to between the two circles can be seen. If this operation is 

coagulate, and the presence of the pari of the cavity rcpcated f or a certain number of cross-sections the num- 

which has already been drilled. 20 ber of points of contact between the screw and cavity 

The presence of shavings increases friction, to gener- can ^ detcrmined accurately, as can the size of the 

ote heat and result in further small removals of bone non . adnering regions and tncir distance from the screw, 

material from the cavity walls/The friction can increase Thjs aho why cvfin ^ m effective diamet er 

to the extent of stopping the drill motor. which u constanl , y tcr than thc nomina , diameter 

The shavings must therefore ibe removed whatever 25 of tne drill bit lherc can only ^ a number of po ints of 
type of drill bit is used. This is firstly to prevent the bit distributed random] ovcr thc surface of tne 

heating, and secondly to allow it to move forward. c Jf fa Qrder ^ ^ ^ a ^ ^ . $ ^ 
They are removed by extracting the bit from he ho e. Qh ^ 

Each time this is done new matenal is inevitablyi e- chance > / ^ > 

moved from the walls of the already drilled hole. That 30 _ . .... .... 

^ w . " " , . . • u , ' a~\\\-a ™iv>„^ n ot ensure efTective stability. What however normally 

part of the hole which has already been drilled performs . f . J 

fhe important function of guiding the cylindrical body h W™ » the * n \ b « has » <™. wh ' n 

of the bit. In bits with a helical groove this body has a inserted in <° thc f cavlt *' s f how ' n * hat there 15 « 

cutting or partly cutting effect, whereas in bits without ««« number of points of contact, 
a groove or with a vertical groove it does not cut. 35 Consequently when the cavity is finally tapped, the 

If the bit body has a cutting or partly cutting effect resultant thread wit be complete in terms of depth only 

each change in the bit direction results in a removal of a < th e *» d points of contact, whereas the remainder of 

material. The cavity therefore widens, so reducing its thc thread be 0nl y P artjal or » ndced * completely 

guide function. As stated, on termination of the opera- ,ac J" ng ; ,.«...» 
Son the cavity is found to be formed from a series of 40 This however does not mean that sufficient informa- 

superimposed circles of a diameter which varies within "™ " available to ensure healing, given that it is not 

a certain range and slightly off centre to each other, to k ™ wn how and in particular when the bone will re- 

form a cavity which is therefore somewhat irregular. Of form ; 

necessity the cavity will have a diameter which is great. The question arises as to whether it is possible to 

est at its open end and smallest at its other end. 45 adapt operational technology in such a manner as to 

If the bit body docs not have a cutting effect, the obtain cavities with a precision of the order of that 

guiding efficiency of the already drilled cavity increases obtainable in the machining of the actual implants to be 

with increasing depth. However this does not mean that inserted into the cavity. The present invention shows 

greater accuracy is obtained in drilling the cavity. In that this is possible. In this respect it teaches that such 

fact all the reasons which make the initial cavity wider 50 levels of precision can be in reality obtained without 

than required (from the wobbling of the drill bit to the having to use too complicated and very costly proce- 

non-perpendicularity between the bit and the surface of dures. In this respect, with the present invention preci- 

the bone) remain. In fact, a further drawback arises, and sion levels of 0.02 mm as general dimensional tolerance 

one which helically bodied bits do not possess, namely can be obtained, while for a series of reasons which 

that drill bits with a cylindrical lateral surface do not 55 have already been stated a precision of 0.01 mm can be 

have space for discharging the shavings. The bit must obtained for surface irregularities, which can be consid- 

therefore be extracted much more frequently to clean it, cred optimal. 

this finally resulting in further widening of the cavity. The reason for this search for precision is to reduce as 

The bit penetration movement is in reality helical in the much as possible, and in the theoretical limit to zero, the 

direction of rotation of the drill, this movement being a 60 quantity of bone tissue which has to reform about the 

combination of advancement and rotation. Thus on implant. 

termination of an in-vivo bone drilling operation con- Thc problem of play between thc drill bit and chuck 

ducted by normal surgical methods, the result is an and the intrinsic play within the drill head can only be 

approximately frusto-conical cavity of unknown diamc- solved by completely changing current technology, 

ters but certainly greater than the diameters of the drill 65 This however would result in very high cost, 
bit used. has been seen that any movement of the screw 

From tests carried out it has been found that this relative to the walls of thc cavity which receives it has 

increase is in the order of some tenths of a millimeter, a negative effect on the repair of the bone lesion. 
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The object must therefore be to obtain a connection The insertion of either a self-tapping screw or a tap- 
in which such relative movement is not possible. This per into the drilled cavity causes both local and general 
need is currently satisfied by using a more or less forced effects in the bone, as follows: 
insertion of the implant into the cavity. The bone tissue I-Local effects 

in contact with the implant is therefore compressed. 5 These are caused by the following actions: 

This compression is the price paid by all known inser- a) Cutting action 

tion methods which provide initial immobility of the The cutting action of the thread separates the bone 

implant The blades or cylinders currently used for this tissue, damaging the caldficd bone matnx, the collagen, 

purpose are in fact inserted with small hammer blows. the basic substance, the cells, the vessels and the nerves. 

In this manner a forced fit is obtained between the bone *0 At the commencement of the tapping operation and in 

and implant by virtue of the mutual compression be- * case of the self-tapping screw the cutting action 

tween certain regions of the implant and the corre- "uses inflammation and loss of blood. The tissue lesion 

j . . °t 4 < ^ llll1ar ^.ii results in the release of mflammatory substances (H. W. 

spending regions of the cellular wall. iicpc iqjw* 

Implants formed from different elements (disk im- HAM-Istolopa. USES 1969) 

plants) utilize the traction between screw elements and » b > Compression action at in*rface 

Srfcmatic bodies to obtain bone-implant adhesion areas As the tapping or the insertion of Ae self-topping 

e " t ^7"u .••kit;*., screw continues, the tissue is divaricated by the thread, 

which provide the ^ s ^ b ^\ urr ^ . On commencement of tapping or insertion of the self- 

The screw has encountered considerable success be- scfew . f ^ * oumeractin demem ^ 

cause it enables an excellent and immediate rigid con- 20 ^ ^ bone £urface K ft ^ ^ 

nection to be easily obtained between the implant and ^ ^ $u ^ di 

bone. This method has however certain negative as- tio * q{ ^ archilecturc m the surroundin 4 g rcgion . f n 

pects due to two basic reasons, namely the trauma iculai( i{ is the tcari of the vascular connections 

(COMPRESSION) produced by the helical thread m ^ serious , y prcjudice (he ^ rcparativc proccss 

the tissue, and the transmission to the bone, via the 2J m (his region In the compagination of ^ tissuCf the 

thread, of loads perpendicular to the screw axis. divarication necessary for the advancing movement of 

Attempts have been made to solve both these prob- the threa(j js obtaincd by comprcss i 0 n of the tissue at the 

lems by eliminating the thread and proposing cyhndn- mterface . Under the advancement thrust the bone tissue 

cally shaped implants, but these demonstrate poor initial volume corresponding to the volume of the tapper 

stability (PRIMARY), require larger holes to be made, 3Q thfead Qr of the thrcad of the se ir_ upp j n g scttw is frac- 

require higher bone crests and provide a lesser lateral lured and pushed t0 lhe sides of the advan cing thread, 

surface for equal dimensions. In reality the solution to As the spongy trabecular bone tissue lies below the 

the problem does not consist of attaining a stability cortical bone, its disturbed solid part, formed of calcium 

which allows any level of bone repair, but consists of salts, fills the entire available surrounding space, squeez- 

establishing best bone conditions for healing. 35 ing the vessels contained in the medulla and reducing 

The best healing conditions are obtained by satisfying tne bIood fl ow> w j t ^ consequent ischemia, whereas its 

two general conditions: liquid part is thrust into the most peripheral trabecular 

1. Reducing surgical trauma to a minimum and eliminat- region. 

ing debris. If the thread has a pitch which results in superposing 

2. Attaining maximum initial congruence with minimum ^ m tne spongy bone tissue regions, which then become 
pressure. compressed by two successive turns of the thread, a 
These two conditions result in an improvement in the particularly negative situation arises due to the combin- 

progress of the reparative process, which normally i ng 0 f harmful effects which complicate healing. In 

involves: determining the pitch of the thread of self-tapping 

1) Resorption of certain bone tissue; 45 screws or of the tapper, the size of the relative core and 

2) Reshaping of other bone tissue; the size of the cavity to drill in the bone, this important 

3) Bone tissue neoformation. aspect must be taken into account. 
The reduction in surgical trauma limits the necrosis of c ) Action of heat 

the tissue of the cellular implant wall; the elimination of it is well known that the heat developed in the bone 
debris avoids compression, resorption and infection. 50 during the drilling of the hole into which the self-tap- 
The fact of obtaining maximum congruence with mini- pmg screw or tapper is to be inserted is the main cause 
mum pressure results in primary stability, no bone re- 0 f formation of cicatricial fibrous connective tissue, 
sorption stage, no bone to be neoformed in the cortical rather than new bone tissue, in the subsequent repara- 
bone part and little in the spongy pan. The female tive process which the surgical lesion undergoes. For 
thread is currently made in the bone by two substan- 55 this reason, in drilling said hole it is advisable to use 
tially different methods, namely by partial mechanical known rotary instruments internally cooled by physio- 
tapping (as in the Branemark method), and by self-tap- logical solution which in addition to cooling the drill bit 
ping screws (as in the case of Tramonte screws). also removes the bone shavings by collecting them in 
Partial mechanical tapping involves the insertion of the grooves provided. Another method for reducing the 
self-tapping screws which traumatize the bone and re- 60 heat produced is to limit the rotational speed of the drill 
tain all the debris. This means that with Branemark to the minimum rpm which allows the hole to be 
screws the bone in contact is quickly resorbed and con- drilled. 

gruence is lost. The reparative process takes place by Likewise the tapping operation or the insertion of the 

callus formation. self-tapping screw must also be very slow, so that all 
Self-tapping screws of Tramonte type allow maxi- 65 phenomena arising can be considered of static type, and 

mum congruence between the thread and bone, but the applied forces must be only just greater than equilib- 

involve a forced compressive insertion which causes rium forces. It is essential to limit friction so as not to 

serious damage. excessively increase temperature, which in practice 
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must be maintained below 44* C. The rate of tapping or 
of insertion of the self-tapping screw must therefore be 
the lowest possible for screwing into the bone. This 
operation can therefore only be carried out manually. 
The use of motorized tappers or screwdrivers does not 5 
allow easy control of the speed or consequently of heat 
produced. In conclusion, in the current state of the art, 
as a result of a combination of the aforesaid local effects, 
the damaged spongy bone tissue becomes replaced with 
soft cicatricial tissue, which by its nature is unable to 1° 
ensure effective fixing to the screw. 
II— General effects 

As is well known, the trabecular spaces are not 
empty, nor is any part of the bone. The system which 
they form can be considered a closed hydraulic system 15 
containing a system of channels through which blood 
flows. Consequently the insertion of an additional vol- 
ume must necessarily result in a reduction in the blood 
flow and an increase in the total volume of the system. 
Thus as in the known art the drilled hole is equal at most 
to the volume of the screw core, inserting the self-tap- 
ping screw or the tapper means that an additional vol- 
ume is inserted into the bone tissue which is at least 
equal to the volume of the threads. This produces a 2$ 
significant increase in the internal pressure of the bone, 
which can easily exceed the breakage limit of the bone 
and cause fracture. Such fracture does not generally 
occur at the interface, where the aforesaid local phe- 
nomena occur, but starts from the external cortical 3Q 
bone, at the hole. Any excessive increase in the pressure 
within the system must therefore be avoided. 

There is a second effect which produces a pressure 
increase within the bone. This is generated by the inser- 
tion of a self-tapping screw of a Upper of known type. 35 
This is because from the very commencement of their 
insertion these close the hole in the bone, from which 
the blood should emerge. This blood is therefore 
pushed to the base of the hole to further increase the 
internal pressure of the bone, so that said fracture risk 40 
increases. The object of the present invention is to over- 
come the aforesaid drawbacks of known bone screws 
and of their methods of application, by providing a 
screw device for fixing prostheses to bones, a method 
for applying the device, and the instrument for effecting 45 
the application, such as to result in spontaneous repair 
(by creeping substitution) of the lamellar bone tissue 
around the screw, the screw becoming thus securely 
and permanently fixed in the bone. To obtain healing by 
creeping substitution, a method of bone repair essen- 50 
tially identical to bone rearrangement, the quantity of 
blood coagulura present at the surface of the screw 
implant according to the present invention must be 
minimal. This is because blood coagulum converts into 
mature lamellar bone very slowly (6-12 months in 55 
man), by a self-limiting process. This latter characteris- 
tic means that ossification of the coagulum may not go 
to completion, and instead give rise to the formation of 
fibrous tissue unsuitable for supporting loads. 

To enable creeping substitution to take place it is also 60 
essential that the vascular channels in the necrotic la- 
mellar bone are not destroyed, and thus the pressure 
exerted during screwing must be a minimum. 

The present invention proposes firstly to substantially 
eliminate the blood coagulum between the calcified 65 
bone and the implant by obtaining the maximum possi- 
ble congruence or adhesion between the bone tissue and 
the relative parts of the screw, without any pressure 
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being exerted which could irreparably damage the la- 
mellar bone. 

In particular, it is essential that the cavity formed in 
the bone has a degree of precision substantially higher 
than that currently obtainable in the known art, so as to 
reduce to a minimum the amount of bone tissue which 
has to reform. The screw must also have a shape which 
reduces the amount of bone tissue to be reformed to a 
minimum. 

During healing, in order for the necrotic lamellar 
bone tissue transformation to take place by creeping 
substitution (which preserves the special mechanical 
characteristics of lamellar bone and takes place within 
6-12 weeks), it is essentia] to prevent the aforesaid phe- 
nomena occuring. In particular any resorption of mar- 
ginal bone or bone debris must be prevented. This en- 
sures primary stability, which is essential. In this case, 
even during the healing period, during which for obvi- 
ous reasons one tries not to load the screw, this latter is 
able to support those small loads which accidentally but 
almost inevitably tend to act on it, without any negative 
consequences arising. 

The screw device according to the present invention 
comprises a neck and a threaded shank, and is charac- 
terised in that the threaded shank of the screw has a 
core of overall frusto-conical shape, the screw core 
being cylindrical and having a diameter equal to or just 
greater than the maximum diameter of the thread on the 
shank of the screw, and the thread being of two differ- 
ent types, namely a first thread of large pitch suitable 
for fixing into the trabecular bone tissue and extending 
along that part of the shank which is designed to make 
contact with said trabecular tissue, and a second thread, 
which can be of the self-tapping type, and intended to 
fix into that cortical part of the bone opposite the part 
into which the screw is inserted, said second thread 
having a number of starts which is a multiple of that of 
the first thread. 

In contrast to a screw with a cylindrical core, a screw 
with a frusto-conical core, because of its particular 
geometrical shape and if associated with a correspond- 
ing suitable frusto-conical cavity of adequate precision, 
reduces the quantity of bone tissue to be reformed prac- 
tically to zero, with maximum congruence obtained 
between the screw and cavity. 

In addition, because of the double type of thread, the 
described screw can fix effectively into both the trabec- 
ular bone tissue and into the cortical bone. 

The fact that the screw neck, which when the screw 
is inserted lies only in the cortical bone on the screw 
insertion side, has a diameter greater or in the limit 
equal to that of the thread, means that the hole made in 
the bone must have a first portion, in practice equal only 
to said cortical bone, having a diameter at least equal to 
the neck diameter. Thus on inserting the self-tapping 
screw or tapper the cortical bone is not ruined. If a 
fixing means or the like is present in contact with that 
cortical bone surface at which the screw is inserted to 
act as a counteracting means (for example in the case of 
screws for orthopedic use a prosthesis or a bone synthe- 
sis means resting against the surface), the screw accord- 
ing 10 the invention can comprise on the lateral surface 
of the screw neck a third thread of the same type as said 
second thread. 

In this respect it has been found that the existence of 
said counteracting means in contact with the surfaces of 
said cortical bone prevents the lifting and destruction of 
the most outer part of the cortical bone, which could 
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happen when said third self-tapping thread penetrates between the reamer cutting edges, to enable the isotonic 
into the cortical bone if such a counteracting means liquid to make contact with the tissues concerned, 
were absent. A situation of this type occurs for example The method for forming said precision hole for the 
when a plate has to be applied for the synthesis of bone insertion of a screw device according to the present 
fractures. 5 invention consists of: forming with the inverted "wed- 
In the particular stated case a fixing is therefore also ding cake" cutter a cavity with steps having diameters 
obtained at the cortical bone via the screw neck, to less than or at most equal to those of the required preci- 
obtain the best possible fixing for the screw in the bone. s ion hole; then, by means of said reamer, manually 
To obtain the best result from the use of *the screw reaming the thus formed stepped cavity to obtain the 
device according to the invention a particular method 10 required precision hole ready for tapping, 
of application must be followed for the device. This j t has been found that the best results are obtained 
method also forms part of the present invention and wnen both the (unthreaded) neck of the screw and the 
enables a cavity to be obtained having dimensions sub- core 0 f th e first shank pan of the screw have diameters 
stantially more precise than that obtainable by the which are slightly greater by a few microns than those 
known art and such as to reduce the quantity of bone 15 0 f the re i at ive hole. In this case the screw slightly corn- 
tissue to be reformed to a minimum. presses as it is screwed in, but without causing the dam- 
- Specifically, the method for applying the screw de- age previously described under point 1(b). In this man- 
vice of the invention consists of: ner maximum congruence is obtained between the 
forming a precision hole in the bone in the position in &crew neck ^ tnTead on the one hand, and the bone 
which said screw device is to be inserted, the hole com- 20 tissug Qn tne othcr tQ aJs0 prcx j uce ininimum bone 
prising: a first more outer cylindrical portion to receive damage. 

the screw neck, this first portion having a diameter Jt has ^ Q becn found advantageous to screw the 

equal to or preferably slightly less than that of the non- screw slignt j y father in once it has reached its final 

threaded neck of the screw, or slightly greater than the position in thc ^viiv. This provides maximum adher- 

maximum core diameter of the neck if this latter is 25 ence 5etween the screw f^tum or core and the cavity, 

threaded; a second more inner frusto-comcal portion of Tq fonn lhg large . pilch fcmale thread m the side 

transverse dimensions equal to or preferably slightly waJb of fhe secQnd ho]e ponion %Q rcccivc ^ fir$t typ€ 

less than those of the core of the first screw shank part of scrcW thread> thc t according to the invention is 

carrying said first type of large-pitch thread; and a third used) hay . a . thfcad whh a maximum diamctcr 

portion extending along the remaining length of the ,0 cxceedi that of lhe 1CfCW ncckj this to ing 

screw shank, this third portion being relative to said thread h ^ ^ rf ^ ^ ^ ^ 

second type of screw thread and of transverse Amen- as ^ first mw lhread ^ cxtendin for the 

sions slightly greater than hose o the core of that P ^ ^ q{ 

shank part with said second type of thread; tapping the * substantially equal to that of the 

said second portion of the hole to obtain in u a female 35 PP^ « ffcc £ ^ ^ 

thread suitable for receiving the said first screw thread . • * j- *l r *i_ 

imeaa buiuiuic iui 5 t9nn : no fvn <> having transverse dimensions not exceeding those of thc 

US^SiSS^t ob 1 in f .Sffiffi correfpon^ng third ponion of thc hole if said second 

uppingsaiu imru punui fllf . lH , _ nm screw thread is of the self-tapping type, whereas said 

suitable for receiving said second screw tnreao, com- T ■ * -*u *i_ 

suiiaoic iui ic^c 5 tammA u n i P at\ end part of the tapper has a tapping thread with thc 

nletelv screwing said screw into the tapped hole. w * . 1 rr 0 

pxciciy »wcwu. 6 _,„ 1tc • V, Y ; mnTn nori same number of starts and thc same pitch as the second 

This method of application results in maximum con- . f ■ 

Am " " atlH hr , n „ screw thread if this second thread is not self-tapping; 

^JSKSS'"^ can a,so be a the tapper having a, .east one discharge ^eans to ajlow 

1 uc »oiu uw» F i v escape of the organic liquids. In one embodiment of the 
WORSTS- re.a«es to a cutter and 45 tapper according to the present invention the discharge 

reamer for forming said precision hole, and a precision means car. be a coaxial channel communicating with 

hiring method using said cutter and reamer. apertures which open between the tapper threads. In a 

Specifically, the cutter according to the invention is modified embodiment of the tapper according to the 

cooled by sterile liquid which also performs the func- invention the discharge means are one or more longitu- 
tion of removing the bone shavings which form, and is 50 dual lateral grooves extending along , the entire length 

characterised by having its cutting part in the shape of of the tapper to interrupt all of its threads and partly 

an inverted "wedding cake" By this term, which imme- involve the core of the tapper. The outer edges of each 

diately enables the shape of the cutter to be visualized, groove are conveniently rounded to reduce damage to 

it is meant that the cutter consists of a number of coaxial the bone tissue to a minimum. 

cylindrical bodies rigid with each other, their diameter 55 Preferably the directrices forming the frusto-comcal 

decreasing towards the tip of the cutter. core of the second screw thread are parallel but inter- 

The manual reamer according to the invention is of nal, to the directrices forming the core of the first 

such form and dimensions as to enable the final hole to thread, so that a small annular step is present between 

be obtained with the required precision, ready for tap- the two surfaces. 

Bins and is characterised by having a relief angle suit- 60 When the screw has been inserted there is therefore 

ablefor cutting bone tissue. Conveniently, the reamer an annular space between the core of the second thread 

comprises means for convevine isotonic liquids into the and the corresponding side wall of the hole. This space 

cavity formed in the bone, to facilitate the operation. acts as a compensation space which is at least partly 

The purpose of such liquids is to reduce bone necrosis. filled by cortical bone bone tissue which is plastically 
The means for conveying nutrient liquids can simply 65 deformed following introduction of the screw into the 

consist of a coaxial channel passing through the entire third hole portion if the screw if the second thread is 

reamer, in communication with a device for feeding self-tapping, or of the threaded end pan of the Upper if 

isotonic liquids and with lateral apertures provided the second screw thread is not self-tapping. 



04/14/2003, EAST Version: 1.03.0002 



5,259,398 

11 12 

This compensates that thread volume which pene- taincd mechanically. The first thread of the screw can 

trates into the cortical bone, so that no dangerous pres- also have threads of trapezoidal cross-section. This 

sure increase is created in the bone. shape enables external loads perpendicular to the Upper 

In the relative shank part of the second screw thread axis to be absorbed without any cutting action occur- 
there can be provided at least one longitudinal groove 5 ring, and which would in contrast occur with pointed 
having the double purpose of providing further com- crests. 

pensation space for any other pressure increases which For the second screw thread involving the cortical 

may arise, and of providing a region for collecting any bone, said problems are not so stringent, so that the 

bone shavings. Such pressure increases can be gener- cross-section of the relative thread can conveniently be 

ated by fluid present under the tip of the screw, and 10 triangular but with a rounded crest to avoid as much as 

which having no means of escape could undergo com- possible any cutting action or dangerous load concen- 

pression during screwing, with the stated consequent tration should a force with a component perpendicular 

drawbacks. * t0 tnc scrcw aA * s act on tnc scrcw - 

Said vertical groove also acts as an anti-unscrewing The same applies to the tapping thread on the end of 

device because new cortical bone tissue forms in it to 15 the tapper if the second screw thread is not self-tapping, 

prevent unscrewing. Tnc invention will be more apparent from the follow- 

- Thus in cases in which the screw is to be removed ing description of two embodiments of the screw ac- 

after a certain time period this groove must not be pro- cording to the invention, of the hole for the screw, of 

v j£ C( j the cutter and reamer for obtaining the required hole 

For the first type of screw thread an annular compen- 20 precision, and of the corresponding upper, 

sation space as provided for the second self-tapping Reference is made in this description to the accompa- 

thread is not essential, because of the different nature of nying drawings, in which: 

the bone tissue concerned, i.e. trabecular. As stated, the FIG. 1 is a side view of a screw according to the 

tapper for forming the female thread for receiving the invention, particularly suitable for odontology, of the 

first screw thread cuts and laterally displaces the solid 25 type comprising a self-tapping second thread; 

cart of the spongy bone tissue, which fills the available FIG. 2 is an axial longitudinal section through the 

adjacent space. nole for receivin 8 the scrcw of FIG before the hole 

As also suted, the purpose of the discharge means has been tapped; 

provided in the tapper for the liquids contained in the FIG. 3 is a side view of a first embodiment of the 
bone is to enable both the blood emerging from the 30 tapper according to the invention for upping the hole 

surgical would and that liquid fraction displaced by the of FIG. 2, the tapper having an unthreaded end part; 

formation of the female threads to escape. This enables FIG. 4 is a cross-section therethrough on the line 

local effects (which have already been mentioned) to be IV — IV of FIG. 3; 

controlled to the desired degree and also inhibits the FIG. 5 is a cross-section therethrough on the line 
already mentioned negative general effects. 35 V-Vof FIG . 4; 

It has been stated that the discharge means can be FIG. 6 is a side view of a second embodiment of the 

grooves provided in the tapper, It should be noted that tapper according to the invention; 

normal tappers for mechanical use also comprise longi- FIG. 7 is a cross-section therethrough on the line 

tudinal discharge grooves which interrupt the tapping VII— VII of FIG. 6; 

threads and also involve their core. These grooves have 40 FIG. 8 is a side view of a screw particularly suiUble 

however a different purpose. In these, the edges of the for orthopedics; 

longitudinal grooves must be properly sharp in order to FIG. 9 is a side view of the inverted wedding cake 

cut the material in which the female thread is to be cutter according to the present invention; 

formed. The purpose of these grooves is to allow collec- FIG. 10 is a cross-section therethrough on the line 
tion and removal of the shavings formed by the action 45 X— X of FIG. 9; 

of the groove cutting edges against the hole wall. FIG. 11 is a side view of the reamer according to the 

In contrast in the present case, as the formation of present invention; and 

shavings during the making of the large-pitch female FIG. 12 is an enlarged bottom view thereof on the 

thread is to be prevented and the said trabecular tissue line XII— XII of FIG. 11. 

compression is to be limited, the edges of the longitudi- 50 From FIG. 1 it can be seen that the screw 10 consists 

nal groove are rounded. In upping with the tapper of two distinct basic parts, namely a cylindrical upper 

according to the invention there is therefore no removal neck 12 and a threaded shank 14. 

of bone tissue but only the removal of an equivalent The threaded shank 14 is coaxial to the neck 12 and 

volume of organic fluids. The trabecular tissue is there- integral with it, and connects to the neck 12 via a short 
fore only cut and dislodged by the tapper threads with- 55 frusto-conical connecting section 20. This latter can 

out any pressure increase occurring. The spongy bone however be absent, the fmsto-conical surface of the 

tissue therefore only undergoes displacement of the said screw core then extending directly from the periphery 

solid and liquid, which does not prejudice the crawling of the base of the cylindrical neck 12. The upper portion 

substitution reparative process of the new lamellar bone of the cylindrical neck 12 is intended to project beyond 
tissue in the surrounding regions damaged by the tap- 60 the bone, whereas the rest of the neck 12 is surrounded 

nine operation " b V the cortical bonc wilh lhc screw msertcd - A cylindri- 

In penetrating the spongy bone tissue the large-pitch cal rather than frusto-conical shap^asj^c^rifor 

thread of the tapper must damage this tissue as little as the screw neck_l? t _so that when under load the neck 

possible In particular, the crest of the first turn of the does not transmit axial loads to the adjacent cortical 
taDDine thread must be pointed to allow optimum tissue 65 bone, but is able to transmit to the cortical bone any 

cuttine action A convenient cross-sectional shape for loads perpendicular to the axis of the screw 10 via its 

the other turns of the tapper thread could therefore be lateral surface 13 which is surrounded by it when the 

trapezoidal without sharp edges, this being easily ob- screw has been applied. 
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In the free upper surface of the cylindrical neck 12 
there is an axial prismatic cavity 16 (shown by dashed 
lines in FIG. 1) to receive a suitable tool (Allen key or 
the like), not shown on the drawings, to enable the 
screw 10 to be manually screwed into the bone and to 5 
allow the screw to subsequently receive dental prosthe- 
ses. These latter can for example comprise a pin -stump 
for prosthetic application by the method of Dr. Vrespa 
(Cenacolo Gruppo Italiano Studi Implantari, Bologna, 
November 187; Atti Congresso Internazionale G1SI, 10 
May 1988). At the base of the prismatic cavity 16 there 
is a threaded or non-threaded axial hole 18 (shown 
dashed in FIG. 1), for fixing to the screw a known 
healing plug (not shown) or whatever else may be re- 
quired. The presence of the two cavities 16 and 18 al- 15 
lows a mesostructure to be applied by screwing or ce- 
menting depending on the choice made and the require- 
ments of the particular case. The shank 14 comprises 
two coaxially aligned parts 22^na\^fcj2^g-a single 
piece and having twojiiffcicnuypttofj^ad. Specifi- 20 
callyfyfn^ sl^lih"dncal sin gje^artjhread 26 of large 
pitch is provided on the upper part 22 of the shank 14. 
The first thread 26 is suitable for fixing into the spongy 
bone tissue, the relative thread having a trapezoidal 
cross-section wit h roun ded edges. In the case shown in 25 
FIG. 1 the'Kelical cresfbf^the turns of the first thread 26 
lie^on^ alcylindrical sur faceMiaving a diameter equal to 
"the diame^^ol'the screw neck 12, the outer diameter of 
the first thread thus being constant throughout its entire 
length. Consequently the height of the thread increases 30 
from the top downwards. In the case in which the frus- 
to-conical connection 20 is not provided and if said 
surface is still cylindrical, the thread height starts from 
zero at its highest point. 

Returning to the embodiment shown in FIG. 1, on 35 
the lower part 24 of the shank 14 there is a second 
thread 28 with three starts, each with the same pitch as 
the first thread 26. The second thread 28 is self-tapping. 
The thread turns are of triangular cross-section with a 
rounded crest. The thread height is constant along the 40 
entire thread. The thread crests lie on aJj^sto^conical 
surface parallel to that of the- core 32 of the second 
thread. Because it has three starts this latter acts from 
the fixing viewpoint substantially as a thread having a 
pitch equal to J of the effective pitch. This makes the 45 
thread suitable for fixing into the cortical bone, and in 
this specific case into the conical bone opposite the 
point of introduction of the screw. The lengths of the 
various component parts of the screw are obviously 
such that when the screw is inserted into the bone the 50 
screw neck 12 lies mainly within the cortical bone on 
the side from which the screw is inserted, the intermedi- 
ate part 22 of the shank 14 comprising the first thread 26 
lies within the trabecular bone tissue, and the end part 
24 of the shank 14 which contains the the second thread 55 
28 lies mainly within the opposite cortical bone. In 
practice the screw neck 12 and the second thread 28 
may lie slightly within the trabecular bone tissue region 
as it is difficult to previously know the exact thickness 
of the cortical bone. 60 

As can be seen from FIG. 1, the part 24 of the shank 
14 comprises a vertical groove 30 which interrupts the 
thread 28 and lies partly within the core 32. 

The purpose of the groove 30, which can however 
also be absent, has already been stated. 65 

From FIG. 1 it can be seen that both the core 34 of 
the upper part 22 of the shank 14 and the core 32 of the 
lower part 24 are frusto-conical (the relative lateral 
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surfaces being parallel), but with a small step 36 be- 
tween them. 

The method of application of the screw of FIG. 1 and 
the tools for the purpose will now be briefly described, 
with particular reference to the making of the hole into 
which said screw is to be inserted. 

The first operation consists of drilling in the bone a 
precision hole 40 shaped as in FIG. 2. 

To do this the so-called inverted "wedding cake*' 
cutters of the present invention are used. One of these 
cutters is shown in FIGS. 9 and 10. The cutter 100 
consists of a shank 102 of conventional shape, a spacer 
portion or extension 104, and a cutter portion 106. The 
shank 102 is connected into the already mentioned 
quick-connection mechanism of the drill. The purpose 
of the extension 104, which is of suitable length, is 
merely to enable the cutter portion 106 to reach the 
required point, for example when a hole is to be drilled 
between two teeth adjacent to a missing tooth. If this 
requirement does not arise then the extension 104 can be 
absent. 

As can be seen from FIGS. 9 and 10, the actual cutter 
part 106 consists substantially of three coaxial cutting 
bodies 103, 105 and 107, which are rigid with each other 
and arranged to produce three hole portions of circular 
cross-section and having a diameter which respectively 
decreases towards the interior of the bone. 

The cutter 100 terminates with a tip 109 of conven- 
tional type and comprises an axial channel 108 commu- 
nicating with the apertures 110, 112 and 114 visible in 
FIG. 9. The channel 108 enables the iosotonic cooling 
liquids to be discharged during bone drilling. Preferably 
a circular line 111 is engraved or otherwise reproduced 
on the cutting body 103 to visibly indicate the exact 
level to which the cutter 100 must penetrate into the 
bone. When the line 111 has reached the level of the 
bone surface it is therefore certain that the cutter has 
reached the required depth. 

When a stepped hole of the stated type has been ob- 
tained in the bone by one advancement of the cutter 
100, the hole is enlarged by means of a manual reamer of 
the present invention, to obtain a frusto-conical hole of 
the required precision (FIG. 2). A reamer of this type is 
shown in FIGS. 11 and 12. 

As already stated, to obtain the desired results the 
reamer 140 must necessarily be operated manually. 

The reamer 140 comprises a shank part 142 of hexag- 
onal cross-section to be engaged by a suitable tool for 
the manual reaming of said stepped cavity, plus a 
reamer part 144, which has a relief angle suitable for 
cutting the bone tissue. The reamer part 144 is itself 
divided into two sections, namely a first section 143 for 
producing a cylindrical hole portion and a second sec- 
tion 145 for producing a frusto-conical hole portion. 

In the specific case of FIG. 11, the first section 143 
connects to the second section 145 via a frusto-conical 
connection 141. As stated, the reamer 140 also com- 
prises an axial channel 146 which passes completely 
through it and communicates with lateral apertures 148 
provided between the cutting edges. In the specific case 
of FIGS. 11 and 12 the lateral apertures 148 are four in 
number, two in the groove 147 and two in the opposite 
groove 149. The isotonic liquid is fed through the chan- 
nel 146 to reduce bone necrosis. 

When said reaming is complete a hole is obtained of 
the type shown in FIG. 2. This hole can also be a 
through hole or can stop at a certain distance D from 
the outer surface of the opposite cortical bone. 
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The first portion 42 of the hole 40 is cylindrical and 
has a diameter less by a few microns than the diameter 
of the cylindrical neck 12 (FIG. 1) of the screw. The 
height of this first portion 42 is equal to or slightly 
greater than the thickness of the conical bone 50, and in 5 
any event sufficient for receiving that pan of the neck 
12 of the screw 10 which is intended to enter the bone. 

The hole 40 proceeds inwards via a short frusto-coni- 
cal connection portion 44, corresponding to the frusto- 
conical section 141 of the reamer 140 (FIG. llj and to 10 
the fmsto-conical portion of the screw 10 (FIG. 1). It 
connects the first section 42 to the second fmsto-conical 
section 46. This latter has diameters less by a few mi- 
crons than the diameters of the core 34 of the first pan 
22 of the shank 14 of the screw 10. 15 

The hole 40 terminates with a third portion 48, which 
is nothing other than the prolongation into the opposite 
cortical bone 54 of the directrices of the second hole 
portion 46. 

In the aforesaid case in which the screw 10 (FIG. 1) 20 
does not have the frusto-conical connection portion 20, 
the hole will also not have said connection portion 44 ? 
the second frusto-conical portion of the hole then ex- 
tending directly from the base perimeter of the first 
cylindrical portion 42 of the hole. Likewise, the reamer 25 
140 (FIG. 11) will also not have the frusto-conical con- 
necting section 141. 

Conveniently, the third portion 48 of the hole 40 is 
slightly longer (for example by 1 mm) than the corre- 
sponding lower part 24 of the shank 14 of the screw 10 30 
(FIG. 1). The purpose of this is to prevent destruction 
of the female thread in the bone by any over-tightening 
of the screw, which could occur if the two said lengths 
are equal. In this respect any further advancement of 
the screw is prevented by the base 41 of the hole 40. 35 

The slightly longer length of the hole 40 results in 
adhesion between the conical cavity and the core of the 
screw. This also compensates for tolerances. 

In the specific case of dental screws, the upper corti- 
cal bone 50 becomes covered by the gin give 55 (sec 40 
FIG. 2), so that this latter has to be perforated by con- 
ventional tools before proceeding with the drilling. The 
hole will therefore also comprise an upper gingival 
portion 49. 

When the hole 40 has been made, a female thread (not 45 
shown in the figures) is formed in the side wall of its 
second portion 46 to receive the first thread 26 of the 
shank 14 of the screw 10. This is obtained using the 
Upper 60 shown in FIG. 3. To increase adhesion be- 
tween the screw 10 and the new bone tissue which has 50 
to reform about the screw, the first part 22 of the shank 
14 and the respective part of the neck 12 are normally 
coated with titanium in known manner by plasma spray 
treatment, which slightly increases its dimensions. 

Consequently the dimensions of the tapping thread 62 55 
and of the core 64 of the part 68 of the tapper 60 must 
be proportionally increased with respect to the dimen- 
sions of the bare screw, as must the dimensions of the 
parts 46, 42 and 44 of the hole 40. The lower frusto- 
conical part 66 of the tapper 60 is unthreaded, it has the 60 
same length as the corresponding second pan 24 of the 
shank 14 of the screw 10, and at most has the same 
transverse dimensions as the core 32 of said pan 24 of 
the screw. 

The tapper also comprises an upper pan 70 substan- 65 
tially analogous to the neck 12 of the screw 10, the part 
70 upperly comprising a projection 72 having a polygo- 
nal cross-section for engagement by a suitable tool (not 
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shown) to enable the tapper 60 to be inserted. This latter 
comprises a longitudinal groove 74 of substantially trap- 
ezoidal cross-section extending along the entire tapper 
(see also FIGS. 4 and 5), its purpose having already 
been stated. It will be noted that the edges 73 of the 
groove 74 are rounded, for the previously stated rea- 
sons. 

FIGS. 6 and 7 show a modification of the tapper 
according to the invention which has proved particu- 
larly convenient. The tapper 160 is particularly suitable 
for tapping holes for receiving screws without the con- 
nection ponion 20, so that the relative precision hole 
will be without the portion 44. The only true difference 
compared with the tapper 60 of FIGS. 3 to 5 is that 
instead of the longitudinal groove 74 (FIG. 3) for dis- 
charging the organic liquids there is a coaxial circular 
channel 174 which passes longitudinally through the 
entire tapper 160. This channel communicates with the 
outside not only at its two ends but also via the series of 
apertures 176 provided in the core part 164, each aper- 
ture opening between two successive turns of the tap- 
ping thread 162. 

The dimensions of the tapper 160 of FIGS. 6 and 7 do 
not correspond to those of the screw of FIG. 1, as it 
relates to a shoner screw without the connection por- 
tion 20, as stated. When the hole 40 has been tapped, the 
screw 10 is screwed into it, its second self-tapping 
thread 24 penetrating securely into the opposite cortical 
bone 54 (FIG. 3). 

After a suitable time period, required for crawling 
substitution in the cortical bone and the formation of 
primary bone in the spongy part, new bone tissue re- 
forms in contact with the screw to ensure its stability 
with time. 

FIG. 8 shows a modification of the screw according 
to the invention which is particularly suitable for ortho- 
pedics, for example for fixing a plate to a femur. The 
screw 80 is shown in FIG. 8 already inserted into the 
bone. It differs from the screw 10 of FIG. 1 only by the 
presence of a third self-tapping thread 23 provided on 
the lateral surface of the screw neck 112. The third 
thread 23 can be provided only if a counteracting ele- 
ment 82 is present, such as a plate resting on the surface 
of the femur cortical bone 50. The plate 82 prevents 
lifting and destruction of the surface layer of the corti- 
cal bone 50 when the self-tapping thread 23 grips the 
cortical bone 50. 

The third thread 23 could also be not of self-tapping 
type. In this case, in the first portion 42 of the hole 40 a 
relative female thread is formed by 8 suitable tapper 
(not shown). The relative hole portion corresponding to 
the neclc 112 of the screw 80 is consequently given a 
slightly larger diameter than the relative core 132 of the 
thread 23 of the screw 80, but less than the outer diame- 
ter of the thread 23, for the same reasons as suted for 
the hole corresponding to the second thread 28. As will 
be immediately apparent, the orthopedics screw 80 
results in optimum stable fixing to the bone. 
I claim: 

1. A method for applying a screw device for fixing a 
prosthesis to bones, the screw device having a neck and 
a threaded shank, the shank having a core, a first thread 
portion of large pitch and a second thread portion, the 
method comprising: 
forming a precision hole in the bone where the screw 
device is to be inserted, the hole comprising: a first 
outer cylindrical portion for receiving the neck, 
the first portion having a diameter equal to or 
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slightly less than the neck; a second inner frusto- 
conical portion having a diameter equal to or 
slightly less than the core having the first thread 
portion; and a third portion having a diameter 
slightly greater than the core of the shank where 
the second thread portion is located; 

lapping the second portion of the hole to form a 
female thread therein for receiving the first thread 
portion of the screw; and 

completely screwing the screw device into the hole. 

2. A method as claimed in claim 1 wherein the neck 
comprises a core and a thread thereabout, and the first 
portion of the hole has a diameter slightly greater than 
the core of the neck. 

3. A method as claimed in claim 1 further comprising 
the step of tapping the third portion of the hole to obtain 
therein a female thread suitable for receiving the second 
thread portion. 

4. A method as claimed in claim 1 wherein the second 
thread portion is self tapping. 

5. A method as claimed in claim 1 wherein the hole is 
formed with a bone tissue cutter of the type cooled by 
sterile liquid, bone shavings are removed, and a tele- 
scoping shaped cutting part is provided. 

6. A method as claimed in claim 1, further comprising 
the step of obtaining the hole with a reamer, the reamer 
having a relief angle suitable for cutting bone tissue, the 
method further comprising conveying isotonic liquids 
into a cavity formed in the bone. 



7. A method as claimed in claim 6 wherein isotonic 
liquids are conveyed through a coaxial channel, the 
channel communicating with an isotonic feed device. 

8. A method as claimed in claim 1 comprising first 
5 forming a stepped cavity having dimensions less than or 

equal to a required precision hole, and manually ream- 
ing the stepped cavity to obtain a hole of required preci- 
sion. 

9. A method as claimed in claim 1 further comprising 
10 forming a tapping thread in at least a portion of the 

- precision hole, the lapping thread corresponding to 
thread on the screw device which will be located in the 
portion of the precision hole when the screw device is 
completely in the tapped hole. 
15 10. A method as claimed in claim 1 comprising pro- 
viding at least one longitudinal grooves to permit dis- 
charge of organic liquid. 

11. A method as claimed in claim 1 wherein the third 
portion of the hole is slightly longer than the shank of 

20 the screw corresponding thereto. 

12. A method as claimed in claim 1 wherein the first 
thread portion is substantially trapezoidal in cross-sec- 
tion, and the second thread portion is of substantially 
triangular cross-section. 

25 13. A method as claimed in claim 1 wherein the first 
thread portion has a constant outer diameter. 

14. A method as claimed in claim 1 further compris- 
ing locating a self-tapping thread on the neck of the 
screw device. 

50 • • * * • 
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This invention relates to means for use in repairing 
fractures of bones of the -body, and more particularly frac- iq 
tures of the neck of the 'leg bone or femur. In operations 
involving these parts, it is known -to use screw connec- 
tions between the fractured parts and by the use of spring 
means the (broken parts are forced together and the healing 
thereby facilitated and expedited. 15 

It is an object of the present invention to provide a 
type of screw or pin connector which includes a screw 
adapted to be inserted through the upper part of a femur 
in the -direction of the femur head and to be anchored 
with its threaded end in the head. The invention further 20 
contemplates the employment of a sleeve or tube arranged 
around the screw and adapted to be fixed on the upper 
portion of the femur in a manner to guide the screw in 
movement in a radial direction, and it further includes a 
nut threaded on the outer end of the screw. Provided on 25 
the screw is a coil spring having one end in abutment 
against the sleeve and its other end bearing against the 
nut. Thus, by tightening the nut, the head of the femur 
at the neck or point of fracture, will be resiliency adjusted 
•against Jthe femur to thereby regulate the setting pressure 30 
to a predetermined extent. 

A disadvantage often encountered with previous types 
of screw connectors has been that it was not always pos- 
sible to obtain a constantly stable fastening to form the 
guidance for the screw, especially after the patient, fol- 35 
lowing the operation, began to walk. Some types of con- 
nectors exhibited a tendency to give upon the imposition 
of increased weight, and this often resulted in the displace- 
ment of the broken parts at the point of fracture. 

According to the present invention, this objection is 40 
eliminated by the fact that the sleeve employed as a part 
of this device, is provided with external threads, thereby 
permitting it, after the insertion of the screw in the bone, 
to be screwed or threaded in the bone to the depth re- 
quired by the location and form of fracture. By this con- - 5 
struction, a device is attained which requires considerably 
less space due to the fact that the usual extension of the 
sleeve, that in previous constructions v/as fastened on the 
outside -of the bone, is eliminated. Furthermore, in the 
same prior constructions a part of the sleeve which housed 50 
a spring, projected to a substantial extent from the actual 
bone contour and often caused great discomfort to the 
patient. By a special formation of an externally threaded 
sleeve employed in this part, the device can accommodate 
a considerably longer spring than was used in prior con- ^ 5 
structions and without any part of the screw connector 
projecting to any real extent outside of the bone contour. 
By reason of this increased spring length it is possible to 
continue the spring pressure even after the broken parts 
have partially telescoped one another, and which some- ^ 
times results in a shortening of the femur neck. 

With these and other objects to be hereinafter set forth 
in view, I have devised the arrangement of parts to be 
described and more particularly pointed out in the claims 
appended hereto. 65 

In the accompanying drawing, wherein an illustrative 
embodiment of the invention is disclosed, 

FIG. 1 is a side view, partly in section of the upper 
part of the fractured femur with an inserted screw con- 
nector made according to the present invention; ' 0 

FIG. 2 is a longitudinal sectional view through the 
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screw connector and in which the threaded inner part of 
the screw is omined. 

In FIG. 1 the femur bone is designated with the nu- 
meral 1; the bail head thereof indicated at 2, the neck 
shown at 4 an>J-+hesiracrure across the neck is designated 
by the numeral 3. >The screw connectof^ebnsists. pri- 
marily of asscrew Stormed with threads 6 on\its inner 
end which is ^TrSnrted in and anchored in-the baft head 2. 
The connector additionally includes a sleeve 7, fitted over 
the screw 5 and provided with external \^reao> 8 which 
are threaded into the femur bone to the posiuon substan-. 
tiaily as shown in FTG. 1. The sleeve 7, at its inner end 
9 (FIG. 2), is of such an internal diameter that it fits 
snugly around the unthreaded shaft portion of the screw 
5, but for the remainder of its length it has a somewhat 
larger internal diameter in order lo accommodate a heli- 
cal spring 11 which is displaceable on the screw 5 and 
which is arranged with one end against the shoulder that 
forms the transition between the two different internal 
diameters of the sleeve. At the outer end, and in the 
drawing to the right, the sleeve 7 carries a spacing ring 

12 which centers the sleeve 7 on trie screw 5. Outside of 
the ring 12 is another helical spring 13 which, by means 
of an intermediate disk or washer 14, is supported against 
a nut 15 threadably adjustable on the threaded outer end 
15 uf the screw 5. 

The connector is applied in the following manner: 

After the broken bones are set in the proper position 
by means not pertinent to the present invention, a channel 
or passage is bored in the ball head 2 of the bone past 
the point of fracture 3 and which channel or passage has 
a diameter selected according to the diameter of the shaft 
of the screw 5. Thereafter a thread tap is inserted into 
the ball head 2 and which cuts threads corresponding to 
the threads 6. The screw 5 is then threaded into place in 
the ball head and thereafter the sleeve 7 is screwed into 
position therein. 

Then the spring 11 is inserted around the screw 5 and 
within the sleeve, and the spacing ring fitted in place fol- 
lowed by the spring 13, the washer 14 and then the con- 
nector is tightened by means of the nut 15. The threads 
S un the sleeve and the threads 6 on the end area of the 
screw are preferably of the same pitch and this somewhat 
facilitates the threaded insertion of the parts into the 
bored channel or passage and also makes possible a simul- 
taneous removal of the screw 5 and the sleeve 7 when 
the connector is to be removed. For_this_purp.ose,_the, 
screw 5 is provided at the end of the threads_6_tpward its 
shaft; with a spur 17 or similar coupling element which, 
when the screw is unthreaded, engages with a correspond- 
ping_sp_ur 18 or other coupling device on'the forward-end - "" 
of the sleeve 7 which faces the point, of fracture 3 so that 
the sleeve will be carried along with the screw. As a 
result, the entire connector is removable's a unit without 
any further disturbance of the bone susbtance in the chan- 
nel or passage. The screw 5 and the sleeve 7 are selected 
with a suitable length of the respective threads according 
to the location of the fracture 3, in order/ to provide the 
best possible anchorage. y 

Thus, in the situation shown, it is possible to use a 
screw with a comparatively large number 'of threads 6 
while the number of threads on the sleeve 7 can be some- 
what less. If the point of fracture should be located 
closer to the ball head 2, a screw should be selected with 
a less number of threads and with the sleeve having an 
■increased number. Furthermore, as many springs 11 and 

13 can be employed as each particular situation requires. 
The connector made according to the invention can there- 
fore be provided in separate parts, which parts can readily 
be combined in the most suitable manner according to the 
individual requirements of each case. 
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A special advantage following from the construction of 
the sleeve 7 is that the total length of the springs can be 
considerably greater than those employed in previous 
constructions, so that .the adjustment pressure can be regu- 
lated within certain limits without the connector pro- 
jecting to any substantial extent outside of the contour 
of the bone as will be clear from FIG. 1 . In many cases 
it is even .possible to locate the connector entirely within 
the bone and in such cases the nut 15 may be threaded in 
sufficiently to cause it to enter the sleeve 7. T"he nut 15 
must, in such a case, he made cylindrical and must have 
approximately the same outside diameter as the spacing 
ring 12 which it can then replace. 

Having described a single embodiment of the invention, 
it is obvious that the same is not <to be restricted thereto, 
but is broad enough to cover all structures coming within 
the scope of the annexed claims. 

What I claim is: 

1. A surgical screw connector for use in connection 
with fractures of the femur neck comprising, a screw 
inserted into the upper part of the femur in the direction 
of the ball head thereof, said screw having a threaded end 
anchored in the ball head, a sleeve arranged around the 
screw and fixed in the upper part of the femur and ar- 
ranged to control any movement of the screw in a radial 
direction, a nut threaded on the outer end of the screw, 
helical springs displace able on the screw and which springs 
abut at one end against the sleeve and abut at the other 
end against the nut, whereby the adjustment of the nut on 
•the screw will cause the femur head at the point of frac- 
ture to be resilienlly set against the femur, the sleeve hav- 
ing external threads so arranged that after the screw has 
been inserted into a previously prepared bore and the 

■ sleeve threaded therein to a position selected according 
to the (location and shape of the fracture, a stable fastening 
will result. 

2. A surgical screw connector for use in connection 
with fractures of the femur neck comprising, a screw 
inserted into the femur across the fracture therein, said 
screw having a threadlcss shank portion, a sleeve having 
a forward end of an internal diameter closely fitting 
around the shank of the screw, the sleeve having external 
threads of a pitch similar to the pitch of the threads on 
the screw, the sleeve having an internal diameter rear- 
wardly of its forward end of a size substantially greater 
than the diameter of the screw, a spring located within 
the sleeve -and surrounding the shank of 'the screw, means 
closing the rear end of the sleeve and confining the spring 
within the sleeve, an adjusting nut on the screw rcar- 
wardly of the sleeve-closing means, and a spring sur- 
rounding the shank of the screw between the said sleeve- 
closing means and the adjusting nut, and co-operating 
means on the screw and sleeve to cause unthreading 
movement of the sleeve when the screw is unthreaded. 

3. A surgical screw connector for use in connection 
with fractures of the femur comprising, a screw inserted 
into the femur and across the fracture therein, said screw 
having a forward externally-threaded portion and with a 
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rear externally-threaded portion and provided with a 
ihreadless portion between the forward and rear threaded 
portions, a sleeve having a forward end of an inter- 
nal diameter closely fitting the shank of the screw over 

5 the threadless portion thereof, said sleeve having ex- 
ternal .threads of a pitch similar to the threads on the 
forward portion of the screw, the sleeve having an inter- 
nal diameter rearwardly of its forward end of a size sub- 
stantially greater than the diameter of the threadless part 

10 of the screw, an annular shoulder provided within the 
sleeve adjacent to its forward end, a spring located with- 
in the sleeve and encircling the shank of the screw, and 
having one end bearing against the shoulder, a disc clos- 
ing the rear end of the sleeve, the second end of the spring 

15 bearing against the disc, a second spring surrounding the 
screw to the rear of the sleeve, said second spring having 
one end bearing against the disc, and an adjusting nut on 
the threaded rear portion of the screw and against which 
. the second end of the second spring bears. 

20 4. A surgical screw connector for use in connection 
with fractures of the femur neck comprising, a screw in- 
serted into the upper part of the femur in the direction 
of the ball head thereof, said screw having a threaded end 
anchored in the ball head, a sleeve arranged around the 

25 screw and fixed in the upper part of the femur and ar- 
ranged to control any movement of the screw in a radial 
direction, a nut threaded on the outer end of the screw, 
helical springs displaceable on the screw and which 
•springs abut at the other end against the nut, whereby 

30 the adjustment of the nut on the screw will cause the 
femur head at the point of fracture to be resiliendy set 
against the femur, the sleeve having external threads of 
the same pitch as the threads on the screw, the threads 
on the sleeve being so arranged that -after the screw has 

35 been inserted into a previously prepared bore and the 
sleeve threaded therein to a position selected according 
to the 'location and shape of the fracture, a stable fasten- 
ing will result, the screw and the sleeve being provided 
with intercngaging coupling members operative to cause 

40 unthreading movement of both the •screw and sleeve upon 
removal of 4he connector. 

5. A surgical screw connector as provided for in claim 
4, wherein the interengaging coupling members consist 
of a projecting spur provided on the screw and a co-oper- 

45 ating spur provided at the forward end of the sleeve, said 
spurs being brought into engagement upon unthreading 
movemenl of the screw to thereby result in unthreading 
movement of the sleeve in company with the screw. 
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[57] ABSTRACT 
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example with reference to the accompanying drawings, 
BONE SECURING DEVICES in which: 

FIG. 1 illustrates one embodiment of the present 
This application is a continuation of my copending invention, 
application Ser. No. 599,074, filed July 25, 1975, which 5 FIGS. 2 to 4 illustrate one use of the embodiment of 
was abandoned when this application was accorded its FIG. 1 and 

filing date. FIGS. 5 and 6 respectively illustrate further uses of 

This invention concerns bone securing devices and the embodiment of FIG. 1 in association with different 
more' particularly bone screws such as used for fracture ancillary devices. 

fixation/ usually in association* with bone plates and »0 The bone screw of FIG. 1 is denoted generally at 10, 
other endoprosthetic devices. and has a leadin 8 end P° rtion 11 and a trailin « end 

Apart fromspecific differences which may arise from portion 12 respectively formed with first and second 
a choice of particular material to suit the environment in threads * 3 and 14 of °PP 0S,te }}™ d ; *f<* of the portions 
which the screws are to be used, or choice of particular « a « d « « of nominally cyhndncal form with a con- 
threads to suit' the mechanical properties of bone, cur- 15 vergent tapering towards its leading end, the portion 12 
rently available bone screws are not essentially different being of larger diameter than portion 11, and portior 1 12 
in form and function from other screws. bei "S formed with a screw-dnver engageable slot 15 at 

As such a ^ ne t ^7^ ' c °^ S™e l ni ^ -odTof use of the screw of FIG. 1 is illustrated 

to connect together two non-rotatable component „ * » • , , . * n * j * 

r"""^ .. © . . r 20 by FIGS. 2 to 4 which show a bone 20 fractured at 21 

parts, be they fractured bone parts or one such part and J component parts 22 and 23. 

an ancillary deyice, such that the screw itself threadably P£ ^ 2Q e a 

engages with both parts and at the same time exerts a bore ^ ^ successivel throi £ h the compo . 

compressive force between the parts. This compound 22 ^ when correctJ mutuall located 

function only arises when one of the component parts 2$ ^ ' ^ then counterbored t0 provide a„ 

rotates in the manner of a nut, but bone screws are ^1^^ bore 25 

normally used in a situation where the component parts HG 3 shows thg ^ separated from part 22> and 

are to be ; retained in predetermined dispositions. ^ SCfew 2Q screwed int0 the part 22 , towards part 23, 

However, this* is not. to . say that the relevant com- by u$e Qf (he thread u In thig connection> it is to be 

pound function would not be useful. On the contrary, 3Q nQted that the counterboring of part 22 pr0 vides a bore 

threaded engagement with a component part is nor- 25 whjch serve$ a& a p ., ot bofe felative tQ gcrew 

mally desirable to enhance securement and distribute u wUh jtg thread H> whi]e serving ^ m effective clear- 

load, while compression' between component parts en- ance bore for screw u i ts opposite thread 

nances bone union after fracture fixation. Accordingly, 13 Als0> i( wilj ^ noted that this fa 8i act j on j s 

any possibility of achieving both functions from a bone 35 continue d until the trailing end of the screw is located 

screw is clearly useful in various situations. within the bone part 22, with the leading end portion 11 

# An object, of the present invention is to realize this of the screw pro j e cting into the space normally occu- 

possibility and .to this end the invention provides a bone p [ ed ^ y tne t> 0 ne part 23. 

screw haying a first thread of one hand extending from FIG 4 illustrates the result of a second screw action, 

one end of the screw over a leading longitudinal portion ^ w hereby the pilot bore 24 in bone part 23 is applied to 

thereof, and second thread of opposite hand extending (ne scre w leading end and the screw then rescrewed in 

over a trailing longitudinal portion of the screw. tne opposite sense to that of the first screw action. This 

In the use of such a screw, the same is screwed by use reversed screw action screws the leading end portion 11 

of the second thread into and through a first component bone part 23 by use of the thread 13 and, at the 

part to be engaged thereby, towards the second such 45 same t j met withdraws the trailing end portion 12 by use 

component, this action positioning the trailing end of 0 f jt s thread 14 relative to bone part 22. In the result, 

the screw within tht: first component part. Then this bone part 23 is drawn rapidly towards bone part 22 and 

screw action is reversed to engage the leading end of these parts held together under compression, while 

the screw with the second component part by way of eacn part is threadably engaged by the screw. More* 

the first thread. Thus both component parts are thread- 50 over, it is to be noted that an appropriate choice of 

ably engaged with the screw, and the two component dimensions for the screw allows the same to be wholly 

parts are drawn together under compression both by located within the confines of the bone, 

the screwing action into the second component part and This mode of use is particularly useful for fracture 

the unscrewing action in the first component part. fixation in a situation where a relatively small fragment 

In so far as the trailing end of the screw passes into a 55 of bone is to be united with a main body of bone in the 

component part during use, there normally will be no region of a joint. However, the screw of FIG. 1 is not 

enlarged head at the trailing end. Correspondingly, in limited to such a use, but can find other applications, 

so far as the leading end portion passes through the site One example of an alternative use is illustrated by FIO. 

to be engaged by the trailing end portion, the former 5. 

normally will be of smaller diameter than the latter. 60 In FIG. 5 the screw 10 is used in a similar situation to 

Also, since either of the leading and trailing end por- that of FIG. 2, but in association with an ancillary de- 

tions can be used to cut a thread in a component part, vice 30 in the form of a resilient disc or plate of plastics 

typically when this is bone, or to mesh with a corre- material such as high density polyethylene having one 

spondingly threaded part, typically when this is a bone face 31 concavely dished. In this case, the device 30 
plate or similar device, either of these portions of the 65 effectively serves the role of bone part 23 relative to the 

screw can be tapered towards its leading end. screw and is provided with the pilot bore 25, while the 

For a clearer and fuller understanding of the present bone part 23 is formed with an extension of bore 25. 

invention, the same will now be described by way of Thus, in FIG. 5, the screw trailing end portion is first 



04/14/2003, EAST Version: 1.03.0002 



engaged with bone part 22 as before, and the leading 
end is passed through bone part 23 to screw into the 
device 30 by the subsequent reverse action, the device 
being located with its concave face adjacent the bone. 
In the result, the screw is engaged with the bone part 22 
and the device 30, while the bone part 23 is held there- 
between under compression in appropriate location 
with part 22. 

The use of a plastics material and dishing for device 
30 is advantageous in readily affording resilience to 10 
allow enhanced compression without damage of the 
bone by the device, and in allowing a self-tapping action 
by the screw with resultant economy in production of 
the device. 

As to circumstances of use in which a device such as 15 
30 is appropriate: these include situations in which the 
mechanical quality of the bone is inadequate to afford 
sound screw securement except within a relatively ex- 
tensive body of such bone. 

FIG. 6 illustrates a further example of use of the 20 
screw 10 in association with a different form of ancillary- 
device denoted generally at 40. The device 40 serves 
the role of a bone plate which usually takes the form of 
a rigid strip apertured for passage of bone screws there- 
through. In this case, device 40 includes such a strip 41 25 
with at least one of the apertures 42 being extended 
from one side of the strip by a tube 43 which is inter- 
nally threaded to co-operate with the thread 14 of the 
screw 10. 

FIG. 6 shows the device 40 located with its strip 41 30 
alongside the bone 20 with the tube 43 received in the 
bone part 22, and the screw to extend through the de- 
vice and bone with its threads 13 and 14 respectively 
engaged with bone part 23 and tube 22. This situation is 
similar to that of FIG. 5, but with the relevant ancillary 35 
devices co-operating with opposite ends of the screw, 
and the procedure of use will be evident from the earlier 
discussion. 

While the proposed screw has been described with 
more particular reference to the illustrated embodiment 40 
having a variety of uses, the screw itself can equally be 



varied. For example, when used with an ancillary de- 
vice, such as 40 in FIG. 6, which is threaded to co-oper- 
ate with the screw, the relevant screw portion clearly 
need not be tapered. Moreover this is relevant to either 
5 the leading or trailing portion of the screw since both 
portions can co-operate with such a device. Also, it is 
not essential that the trailing portion of the screw have 
a larger diameter than the leading portion, since both 
portions can co-operate with respective threaded ancil- 
lary devices in a single reverse screwing action to with- 
draw into one at the trailing end and advance into the 
other at the leading end. 
I claim: 

1. A new use for a screw of the type which has a 
leading end portion with a thread of one hand there- 
around and a trailing end portion with a thread of oppo- 
site hand thercaround, 

said new use being to connect together two mutually 
nonrotatable component parts, each of which is 
one of a fragment of a fractured bone and a fracture 
fixation device for disposition against said bone and 
said new use comprising the method of: 
screwing one of said end portions of said screw into 

one of said component parts, and 
then screwing the other of said screw end portions 
into the other of said component parts while par- 
tially unscrewing said screw from said one compo- 
nent part to locate said screw through said bone 
and to effect compressive force on said bone be- 
tween said component parts. 

2. The use according to claim 1 wherein said leading 
end portion is of lesser diameter than said trailing end 
portion, said one component part is provided with a 
bore which is a clearance fit for said leading end portion 
but not for said trailing end portion, said screw is ap- 
plied with said leading end portion foremost to said 
bore, said trailing end portion is screwed into said bore 
to project said leading end portion from the remote end 
of said bore, and said leading end portion is thereafter 

screwed into said other component part. 

• • * * • 
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[571 ABSTRACT 

A femoral prosthesis adapted for insertion into the medullary 
cavity of a femur. The prosthesis including a distal shaft, a 
neck portion detachable from the distal shaft and a joint head 
detachable from the neck portion. The distal shaft having 
two spaced tapered threaded portion thereabout with differ- 
ing pitch to prevent undesired counter rotation of the pros- 
thesis thereby preventing axial withdrawal of the distal shaft 
from the femur. 



10 Claims, 5 Drawing Sheets 
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DISTAL SHAFT WITH FAST AND SLOW 
SCREW THREADS 

The present invention relates to surgical prostheses and 
more particularly, relates to a femoral component for use in 5 
hip replacements either at first instance or in revision hip 
operations following an earlier implant failure. 

Hip replacements are a common orthopaedic surgical 
procedure and are usually necessitated by degenerative 
disease of the hip joint, hip trauma or disease of the hip lQ 
creating later hip trauma. 

In a total hip replacement, the surgical procedure may 
involve reaming of the acetabulum, reaming of the proximal 
medullary cavity of the femur and inserting a prosthesis into 
the said medullary cavity to replace the natural femoral 
head. 15 

The head of the prosthesis (usually formed by a detach- 
able ceramic ball) mates with the acetabulum in the same 
manner that the natural femoral head mates with the 
acetabulum in a normal hip joint. 

Depending upon the dictates of the pathology of the joint 20 
not all hip replacements require reaming of the acetabulum. 
In some cases only the femoral head requires replacement; 
for example, in a fractured neck of femur. The invention may 
be used in hemiarthroplasty or as the femoral component of 
a total hip arthroplasty. 25 

There are in existence a number of hip prostheses which 
have been used to replace the femoral head. Whilst each of 
the prior art femoral head prostheses have enjoyed wide- 
spread use with varying degrees of success, each have 
suffered from certain attendant disadvantages. 30 

One generally known and widely used prosthesis typi- 
cally comprises an arcuate distal shaft having a gradual taper 
along its full length and terminating proximally in a neck 
which mates with the head of the prosthesis via a iMorse 
taper. The shaft is inserted into the indra medullary cavity of 35 
the femur. 

This prosthesis is fitted after the surgeon has reamed out 
the medullary cavity to an extent conducive to the produc- 
tion of tight interfitting between bone and prosthesis when 
the prosthesis is hammered into position. In practice, the 40 
reaming followed by sizing with the prosthesis may be 
carried out a number of times i.e., reaming followed by 
inserting the prosthesis until there is a small distance of 
travel of the shaft left near the neck of the femur to enable 
final hammering into position to thereby create tight inter- 45 
fitting between prosthesis and bone. In the final stages of this 
procedure, when the prosthesis is hammered home, care 
must be taken by the surgeon to avoid exploding the femur 
by creating hoop stresses beyond the modulus of elasticity of 
the bone. The tolerable limits of bone elasticity are guaged 50 
mainly by the experience of and feel by the surgeon. 

Femoral explosion is one major drawback when using 
this prior art prosthesis both during insertion and extraction, 
however, explosion during insertion is largely due to poor 
surgical technique. 55 

In the past, cementing of the prosthesis has also been 
employed, however, problems have existed with the use of 
cement. Failures in hip prostheses have occurred due to 
loosening at the cement bone interface and at the prosthesis 
bone interface. In some patients, a rotational failure of the 60 
prosthesis can be generated when a patient moves from a 
seating to a standing position. 

Also, artificial hips may loosen and fail due to repetitive 
movement of the distal shaft induced by the locomotion of 
a wearer. This may eventually lead to a prosthesis failure and 65 
possibly unwanted axial dislocation; for example subsidence 
of the prosthesis. 



One feature of the existing prostheses is a series of 
indentations which have been moulded into the distal shaft 
in order to encourage and stimulate bone growth therein. 
This bone ingrowth assists in holding the prosthesis firmly 
in position and also provides a keying and locking effect 
thereby lessening the possibility of rotational failure and/or 
unwanted axial subsidence of the prosthesis. 

A further problem which exists with this type of prior art 
prosthesis and in particular with the distal shaft design is the 
difficulty in removal from the medullary cavity of a failed 
prosthesis. The procedure to replace a failed prosthesis, 
known as a revision hip replacement, necessitates full 
extraction of the failed prosthesis from the medullary cavity. 
Where the prosthesis has been held in position by bone 
growth into the aforesaid recesses of the distal shaft, extrac- 
tion of the prosthesis can sometimes be extremely difficult, 
and in some unfortunate instances, may necessitate total 
longitudinal division of the femur into at least two pieces. 
Even after division of the femur in this way, a particularly 
recalcitrant prosthesis firmly affixed to one half of the bone 
may, in order to effect removal thereof, necessitate further 
undesirable femoral destruction. After removal of the failed 
prosthesis by femoral destruction, the divided femoral bones 
must then be rewired anri/or screwed. A new prosthesis can 
be inserted cither before the bones are rewired or after 
rewiring in accordance with normal procedure. 

Clearly this surgical problem is wholly undesirable and 
results in increased theatre time and an increased period of 
convalescnce for a patient as the divided bone requires 
additional time to heal. 

Whilst prostheses of this type have been in use for some 
time and have met with considerable field success, the 
attendant disadvantages of the device are so significant that 
improvements arc necessitated. 

Other prosthesis designs are also used having screw 
threads on the distal shaft however, these suffer from the 
major disadvantage that it is very difficult for the surgeon to 
achieve, co-incidence between the correct orientation of the 
prosthesis at full screw tightness and proper alignment or 
anteversion between the prosthesis head and the acetabulum. 
This requires considerable skill on the part of the surgeon 
with very little margin for error due to the critical alignment 
and screw tightness requirements. For this reason surgeons 
have not utilised the screw prostheses as much as the 
previously described prosthesis. A further disadvantage of 
the existing screw prosthesis is its poor resistance to rota- 
tional effects which can result in unwanted reverse rotational 
withdrawal from the femoral medullary cavity. This in turn 
upsets the critical anteversion between femoral head and 
acetabulum thereby often resulting in the need for a revision 
hip operation. The withdrawal by unscrewing of this pros- 
thesis docs nevertheless have an advantage in revision hip 
operations where the existing prosthesis is to be withdrawn 
and removed by the surgeon however, the problem of 
unwanted reverse rotation of an in situ screw prosthesis is 
too great in proportion to the advantage provided by the 
single screw thread. Prior art prostheses employing single 
screw threads have thus been quite unsatisfactory resulting 
in their limited use. 

The present invention seeks to ameliorate or eliminate 
the attendant disadvantages which have been manifest in use 
of the prior art hip prostheses by providing an improved 
prosthesis. 

In addition to providing significant advantages over the 
prior art, the present invention overcomes the problems 
associated with, unwanted withdrawal of screw thread pros- 
theses, obtaining of correct anteversion of screw thread 
prostheses with the acetabulum at full screw tightness, and 
problem extractions of prostheses during revision hips. 
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The invention combines the benefits of the known prior 
art prostheses, provides further benefits and eliminates the 
prior art disadvantages. 

In its broadest form the present invention comprises; a 
femoral prosthesis of the type comprising a distal shaft neck 
and head and adapted for insertion into the medullary cavity 
of the femur to thereby form a replacement for the natural 
femora] head; characterised in that the femoral prosthesis 
comprises; 

a first threaded portion and a second threaded portion on said 
distal shaft with a cavity at one end of said distal shaft, 

a detachable member adapted to mate at one of its ends with 
the said cavity and adapted at its other end to mate with 
an artificial head, 

whereupon when said distal shaft is inserted into and fixed 
in situ the medullary cavity of the femur correct ante ver- 
sion between said head and the acetabulum of a patent is 
effected by relative rotational movement between said 
detachable member and said distal shaft. 
In another broad form the present invention comprises; a 

femoral prosthesis of the type adapted for insertion into the 

medullary cavity of the femur to thereby form a replacement 

for the femoral head characterised in that the femoral 

prosthesis comprises; 

a distal shaft having at least one threaded portion thereon 

and a cavity at one end, 
a member configured to interfit via one end within said 

cavity and via the other end to interfit with an artificial 

head wherein when 
said distal shaft, said member and said artificial head are 

mated together, an artificial hip is thereby formed. 

In another form the invention comprises a femoral pros- 
thesis of the type adapted for insertion into the medullary 
cavity of the femur to thereby form a replacement for the 
femoral head or hip; characterised in that the femoral 
prosthesis comprises a distal shaft having at least two 
different pitch screw threads thereabout, said distal shaft 
terminating at one end in a neck portion configured to 
receive an elbow member to thereby form in conjunction 
with a head portion an artificial hip. 

In its broadest form the present invention comprises a 
femoral prosthesis comprising a threaded distal shaft, a 
detachable elbow having a double Morse taper and a head. 

In one broad form the present invention comprises: 

a femoral prosthesis adapted for insertion into the mod- 
unary cavity of a femur said prosthesis comprising, a distal 
shaft, a neck portion detachable from said distal shaft and a 
head detachable from said neck portion characterised in that 
the neck portion comprises an elbow having means at cither 
end to enable male female or female male mating with said 
distal shaft and also with said head to create tight interfiling 
therebetween, said elbow being rotatablc relative to said 
shaft and head prior to effecting said tight interfitting and 
while said distal shaft is fixed in situ. 

In another broad form the invention comprises: 
A femoral prosthesis adapted for insertion into the medullary 

cavity of a femur said prosthesis comprising a distal shaft, 

a neck and a head; characterised in that the distal shaft 

comprises first and second spaced apart threaded regions 

thereon. 

In an alternative form the present invention comprises: 
A distal shaft for use in a femoral prosthesis said shaft 
having a recess at the proximal end adapted to receive a 
tapered portion on an elbow said shaft also comprising 
spaced apart threaded portions. 
In a further form the invention comprises: 
An elbow for use in a femoral prosthesis said elbow 
comprising two legs disposed at an obtuse angle to each 
other, each of said legs terminating at its extremity in a 
tapered portion. 
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In one preferred embodiment the invention comprises a 
tapered distal shaft having two spaced apart tapered threaded 
portions thereabout with differing pitch and a female tapered 
cavity at one end adapted to detachably receive a first male 
part of a corresponding mating member in a tight interfitting 
relationship, with the mating member also having a second 
male part adapted to tightly interfit with a female cavity in 
a head member. 

Preferably the interfitting between the first and second 
male parts and the corresponding female parts is effected by 
a Morse taper at either end of the mating member, thereby 
creating a double MORSE taper, allowing interengagement 
between the distal shaft and the mating member and between 
the matiny member and an acetabular cup. 

Although the prosthesis is ideally intended to be formed 
by detachable communication between the distal shaft and 
an elbow having means thereon which forms double 
MORvSB taper connections, the prosthesis may be fabricated 
in one piece with two threads on the distal shaft with the 
shaft terminating in a single Morse taper which engages the 
head member. 

The present invention will now be described in more 
detail according to a preferred but non limiting embodiment 
and with reference to the accompanying illustrations 

wherein; 

FIG. 1 shows a long sectional view of the proximal 
portion of a femur with an assembled prosthesis of the 
present invention inserted therein according to a preferred 

embodiment. 

FIG. 2 shows a long sectional view of the upper portion 
of a femur with a prosthesis according to an alternative 
embodiment inserted therein. 

FIGS. 3, 4 and 5 show various embodiments of the 
prosthesis of the present invention. 

FIG. 6 shows an exploded view of a prosthesis according 
to a preferred embodiment. 

FIG. 7 shows a plan view of the distal shaft of FIG. 6. 

FIG. 8 shows an exploded view of a prosthesis according 
to a preferred embodiment of the invention. 

FIG. 9 shows a plan view of the distal shaft of FIG. 8. 

FIG. 10 shows a tool which may typically be used in 
preparation of the medullary cavity to receive the prosthesis. 

Referring to FIG. 1 there is shown a prosthesis 1 located 
proxirnally in femoral long section 2. 

The prosthesis according to the embodiment of FIG. 1 
essentially comprises a distal shaft 3 having two spaced 
apart threads 4 and 5 disposed helically and peripherally 
about the longitudinal axis of the shaft. The distal shaft 3 has 
a reducing taper with the thread 4 thereabout having a fast 
helix and the thread 5 having a slow helix effected by 
differing thread pitch. 

At the upper end of the distal shaft there exists a tapered 
recess fi. The recess (\ is adapted to receive an elbow or neck 
7 which has a tapered male profile part 8 which taper is the 
reverse that of recess 6 to facilitate upon coupling a tight 
male/female interfitting therebetween. This type of connec- 
tion is known as a Morse taper not hitherto previously 
known in this specific application. 

The el how 7 also comprises a tapered end forming a male 
profile part 9 which is adapted to mate with female recess 10 
in head 11, thus forming a second Morse taper according to 
conventional usage. 

In order to insert the prosthesis, the surgeon reams out the 
medullary cavity of the femur to enable mutual compara- 
bility between the hone and prosthesis. The reaming which 
takes place is commensurate with required thread depth and 
distal shaft width and taper. The bone cross section is reamed 
to approximately the width and length of the taper over the 
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thread length less the thread depth. Thus the reaming for 
slow thread 5 will be considerably less than that for fast 
thread 4. The threading may be done preferably with a 
truncated cone threader similar to that shown in FIG. 10. The 
shaft 3 is screwed into the medullary cavity and if necessary, 5 
with bone graft supplementation to ensure a strong prosihe- 
sis-bone bond, One major advantage of this prosthesis is ihe 
optional elimination of the need for cementing or precoaiing 
of the prosthesis. Although the prosthesis may be pre-coated 
with hydroxyapetite to stimulate bone ingrowth, this is not 10 
essential. 

In practice, the distal shaft 3 is screwed into position 
following reaming using the truncated conical tool of FIG. 
10 or an alien key with the assistance of a torque wrench. 
Once the distal shaft is in position, the elbow 7 may be 15 
inserted into cavity 6 and rotated by the surgeon to the 
correct position of alignment with the acetabulum (not 
shown). Once this position is determined, the elbow is 
hammered to effect the tight interfil with the distal shaft. The 
Morse taper prevents unwanted rotational and axial move- 20 
ment, once the elbow is aligned and driven home. Finally, 
the head 11 (a conventional ceramic, chrome cobalt, plastic 
or titanium cup) is hammered onto male profile pari 10 of 
elbow 7 to complete the location of the prosthesis. The use 
of the double Morse tapered elbow allows rotational align- 25 
ment of the head relative to the acetabulum nr an acetabular 
cup after screwing in of the distal shaft 3 is complete, 
thereby enabling a convenient final fine adjustment of the 
prosthesis. The double threads on the distal shaft 3 create a 
compression force in the bone thereby removing the prob- 30 
lem which existed in prior art 'screw in* prostheses of 
unwanted counter rotation leading to axial withdrawal of the 
distal shaft 

The use of the double Morse taper therefore allows the 
surgeon to conveniently achieve accurate ante version of the 35 
femoral bead and neck at the appropriate angle. 

FIG. 2 shows an alternative embodiment of the prosthesis 
of FIG. 1, this time with a first wide threaded portion 12 and 
a narrower threaded portion 13. Fast thread 12 and thread 13 
combine to create a compressive force to hold the distal shaft 40 
14 firmly within the medullary cavity. This prosthesis may 
be implanted after medullary cavity preparation using the 
tool of FIG. 10 to prepare the thread paths. 

FIGS. 3, 4 and 5 show further alternative embodiments of 
the present invention. The threads thereon could be scinted. 45 
beaded or precoated. 

Referring to FIG. 6 there is shown an exploded view of a 
femoral prosthesis 20 according a preferred embodiment of 
the invention. The prosthesis 20 comprises a distal shaft 21 , 
a detachable neck comprising an elbow 22 and a head 23. 50 
The distal shaft 21 also comprises threaded portions 24 and 
25 with threaded portion 24 being at or near the proximal 
end 26 of the distal shaft 21 and with the threaded portion 
25 being spaced apart distally at location 27. When the distal 
shaft is screwed into position as previously described the 55 
threaded portions 24 and 25 due to their respective helix 
configurations cause a compressive force to be exerted on 
the wall of the medullary cavity of the bone. This results in 
a strong implant with high rotational stability and high 
resistance to unwanted axial withdrawal due to rotational 60 
failure. Referring to FIG. 7 distal shaft 21 has a female 
recess 28 at the proximal end 26 for coupling with tapered 
male profile part 29 of elbow 22. Distal shaft 21 also 
comprises a hexagonal profile 30 adapted to receive an alien 
key for unscrewing of the distal shaft when removal of same 65 
is required. Elbow 22 comprises tapered portions 29 and 31 
which together form the neck of the prosthesis. Preferably 



tapered portion 29 is longer than tapered end 31 in view of 
the fact that the depth of penetration of tapered portion 29 is 
necessarily greater than that required for taper 31. In use 
after the distal shaft 21 is secured in position by the surgeon, 
the elbow 22 is gently dropped into recess 28 whilst main- 
taining a sufficient degree of loseness for rotation of the 
elbow~22 relative to the distal shaft 21. When the correct 
anteversion is determined by the surgeon, the elbow 22 is 
driven home to a condition of tight internetting between taper 
29 and the wall 32 of recess 28. Taper 31 engages recess 33 
of the head 23 to complete the femoral prosthesis assembly. 

Elbow 22 is also adapted with a collar or flange 34 which 
provides a levering point to enable the surgeon to remove the 
elbow where the femoral prosthesis is to be removed from 
a patient. The surgeon may lever against the upper crest 35 
of the distal shaft 21 and against the collar or flange 34 in 
order to break the tight interfiling. Collar 34 as shown is 
merely one embodiment for facilitating separation between 
elbow 22 and distal shaft 21. It will be recognised that other 
means can be adapted to the elbow 22 in order to facilitate 
separation prior to removal of the distal shaft. 

Referring to FIG. 8 there is shown an exploded view of a 
hip prosthesis 36 with more specific design geometry for the 
distal shaft 37 and the neck or elbow 38. 

FIG. 9 shows a plan view of the distal shaft 37. At the 
distal end 39 of the shaft 37 is a screw thread 40 about a 
region 4 1 of constant width. The diameters of the distal shaft 
core 42 tall preferably within the range of 9 mm to 13 mm. 
The distal core 42 comprises the thread 40 and non threaded 
region 43. Thread 40 is configured as a slow thread. Pref- 
erably the lengths of thread 40 and non threaded region 43 
would be 35 mm and 22 mm respectively. 

At the proximal region 44 of the distal shaft 37 is a tapered 
screw thread 45 and a non threaded tapered region 46 with 
the thread 45 approximately 40 mm in length and the region 
46 approximating 33 mm in length. Thread 45 is configured 
as a fast helix relative to the helix of thread 40. The proximal 
region 44 preferably has a 10 degree taper in order to 
approximate anatomical characteristics of the proximal 
medullary cavity of a femur. Preferably proximal core 
diameters arc within the region 20 mm to 26 mm with the 
outside diameter including the thread being an additional 1 
to 2.5 mrn. Proximal region 44 of the shaft 37 is adapted with 
a Morse one taper 47. Ideally a taper within the Morse range 
of % to 1 .5 is preferred however, this is not to be construed 
as a limiting parameter. The Morse taper 47 terminates in 
hexagonal recess 48 which provides means for insertion and 
deliberate withdrawal of the shaft 37 for instance, in the 
event of a revision hip operation. 

Preferably, the distal shaft is made from Titanium or 
chrome-cobalt alloy with an hydroxyapetite coating being 
applied to the threaded regions to stimulate osteogenesis or 
bone ingrowth around the shaft 37. Alternatively chrome 
cobalt with beading to stimulate bone ingrowth may be used. 

In the prior art prosthesis distal shafts have relied upon 
boney ingrowth and/or circumferential point fixation in 
order to provide proper anchorage. Distal shafts which have 
been configured anatomically have often failed due to a lack 
of reliance on point fixation generating hoop stresses. Many 
of the prior art prostheses have been generally square or 
rectangular which has meant that due to the shape of the 
intramedullary cavity there is limited contact between pros- 
thesis and bone hence localised force distribution. 

The distal shaft 37 of the present invention increases the 
prosthesis bone contact area having a resultant more even 
contact force distribution. Prosthesis 36 also comprises 
elbow or neck 3S which is configured at an obtuse angle 
between 90° and 180°. Elbow 38 comprises a first Morse 
taper 49 and a second larger Morse taper 50. The difference 
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in the tapers is to prevent an error in mating between the 
elbow 38 and the distal shaft 37. Taper 49 is preferably a 
Morse 1 taper with second taper 50 being preferably Morse 
1.5. 

Elbow 48 is also adapted with collars 51 and 52 to 5 
facilitate release of the Morse tapers. 

Morse 1 taper 49 engages taper 47 in distal shaft 37. Taper 
50 engages head 53 via a female recess 54 therein. Head 53 
may generally be 28, 32 or 38 mm in diameter with an 
internal Morse taper of 1.5. Once the distal shaft is inserted 10 
by the surgeon the configuration of the elbow will enable 
accurate approximation of the distance in the particular 
patient from the midline of the femur to the correct location 
of the head 53 in the acetabulum or in the acetabular cup in 
the case of a total hip replacement. Thus the double Morse 15 
taper on the elbow leads the surgeon to the anatomical centre 
of the previous natural remoral head. 

Appropriate anteversion may be achieved by the surgeon 
with the elbow 48 prior to wedging of taper 49 in the distal 
shaft taper 47. 20 

If the elbow is to be removed, the Morse taper is easily 
broken by levering or wedging against collar 51. Similarly 
where head 53 is to be removed levering or wedging against 
collar 52 facilitates this. 

Reaming of the medullarly cavity prior to fixation of the 25 
prosthesis results in distal fixation occurring along a plane 
normal to the cortex bone when a femur is viewed in long 
section. Proximal fixation occurs principally in a plane at 
90° to that for distal fixation, anteriorly and posteriorly. 

With the present invention the surgeon is more able to 30 
predict hoop stresses generated in fixation. 

The distal shaft 37 may be lengthened where necessary 
especially where a fresh bone contact area is required if a 
previously used prosthesis fixation area has been degraded. 

Similarly, the elbow may be adapted for lengthening by 35 
use of extension pieces so that the exact location of a 
removed anatomical head may be located. 

The prosthesis of the present invention places some 
reliance on the compressive forces generated by the fast and 
slow threads along with the frictional resistence generated 40 
by bone prosthesis contact to resist axial dislocation of the 
prosthesis. 

In order to guard against the unlikely event of reverse 
rotation of the prosthesis, a longitudinal channel may be 
formed along the medullary cavity wall to facilitate keying 45 
of the prosthesis to the bone. The key would need a 
corresponding longitudinal slot in the prosthesis shaft. 



It will be recognised by persons skilled in the art that 
numerous variations and modifications may be made to the 
invention as broadly described herein without departing 
from the overall spirit and scope of the invention. 

1 claim: 

1. A distal shaft for use with a hip prosthesis which 
includes a detachable elbow component and a detachable 
head component, the shaft being insertable wholly within 
and in axial alignment with a medullary cavity of a femur, 
the shaft having a flared proximal end provided with a 
tapered recess in ^xial alignment with the shaft for receiving 
the elbow component and also having a tapered distal end, 
the shaft being provided with a first helical thread and a 
second helical thread spaced apart from one another. 

2. A distal shaft according to claim 1 wherein the first 
thread is a wide tapered helical thread located proximately 
to the dared proximal end of the shaft and the second thread 
is a narrow helical thread disposed towards the narrow distal 
end of the shaft. 

3. A distal shaft according to claim 2 wherein the threads 
are equal in length with respect to the shaft. 

4. A distal shaft according to claim 2 wherein the threads 
arc din'crcm in length with respect to the shaft. 

5. A distal shaft according to claim 1 wherein said first and 
second threads arc structured to have different helix con- 
figurations such that when said shaft is inserted into the 
medullary cavity of a femur, said first and second threads 
induce a compression force into the femur. 

6. A distal shaft according to claim 5 wherein the said first 
thread and said second thread have similar pitches. 

7. A distal shaft according to claim 5 wherein the said first 
thread and said second thread have different pitches. 

8. A distal shaft according to claim 5 wherein the elbow 
component is capable of rotation relative to the shaft prior to 
effecting tight interfiling with the shaft. 

9. A distal shaft according to claim 5 wherein the tapered 
recess in the shaft is a Morse taper. 

10. A distal shaft according to claim 1 wherein the first 
and the second helical thread are spaced apart from one 
another by a threadless section of the shaft. 
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[57] ABSTRACT 

There is disclosed an implant for anchoring in bone 
and/or fibrous connective tissue and to which a pros- 
thesis such as a dental bridge may be connected through 
connecting components. The implant is of tapered de- 
sign defining a wide top portion for connection to the 
connecting components and a tapered body comprising 
upper and lower regions. The lower bone-engaging 
region of the implant is provided with a porous surface 
into which bone may grow thereby anchoring the im- 
plant. The upper region of the implant has a surface 
suitable for bone attachment which is different from the 
surface of the lower region. In one embodiment, the 
upper portion has a larger taper angle than the rest of 
the implant for increased stability and stress transfer to 
the surrounding bone. In another embodiment, the sur- 
face of the upper region is coated with a bioreactive 
coating to allow direct bonding of bone and/or soft 
connective tissue (gingival tissue) thereby inhibiting 
epithelial migration apically. 

20 Claims, 4 Drawing Sheets 
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1 entire implant surface provides, it is stated, a very rigid 

POROUS SURFACED IMPLANT 8t ™J^ m y s p at No . 4,223,412, Aoyagi et aL 

tion Ser. No 07/517,517, ^g^^ *JS±Z been shown to have excellent compatibility 

^fc^WappUcati^ Ser » *^^^^SS^(P* 

fded Dec. 28, 1987, now abandoned, which ■ a con J^J ^P™^ a tapere d implant frame for 
tinuation-in-part of apphcadon Ser. No. 06/864,805, JWJJj^^J TttTteign comprises a ribbed frame 
fded May 19. 1986. now abandoned. an ™ ^ ^ d P md throughout the 

FIELD OF THE INVENTION 15 ftame m ofder to securc the implant in position. Kiernan 

particularly, to means for conn g p ^ ^ h b f 

bone ' rr,^ m ™ a plurality of serrations to allow bone growth through- 

BACKGROUND OF THE INVENTION 20 ^ ^ 0utward i y extending studs are also 

Devices of the type described herein serve generally provide d on the implant for the purpose of gripping the 

component for integration with bone which serves an ^ entire surfacc of which is coated wrih a porous 
SI function and a separate support component m Roweveri u has recently been shown by De- 

toSrses epitheUal tissue to which the prosthesis et ^ (J DenL Res . 67 , 1 190-1195, 1988) Art the 

Ite attached and subsequently coupled to the im- ^ of ^ion from dental plaque may be mcreased 
32* . when the entire length of the root component of such an 

The tenacity with which the bone is able to retam the h porous . coate d. This risk is particularly in- 

implant in situ is one factor which determines the sue- when regions of the por0 us coatmg become 

cess of devices of this type. This factor depends on the directly expose d to the oral cavity, 
stability of the implant relative to the bone during the ft would be desirab i e to have an implant which, in 
early healing phase following implant insertion and .on 35 ossesses optimum fixation between the implant 
Se ttansfer of a small amount of stress from the implant ^ ^ bon£ together wi th a reduced probability of the 
to the bone in order to maintain bone and to increase ocourrenC e of infection. 
Trio^p'pSfeus largely therefore on the SUMMARY OF THE INVENTION 

means by which the implant is anchored within the 40 ft ^ ^ Qbject of the prescnt invention to provide a 
bone. , novel implant useful to connect prostheses to bone and 

One snch proposal relating specifically to dental pros- at least one of the disadvantages of 

theses is disclosed in Int. J. Oral Surg. 1981; 10; 387-416. implants. 

Adell et at. In that arrangement, screw-threaded cyhn- * according to one aspect of the present inven- 

drical implants are provided upon which a dental bridge 45 provided an implant for insertion into bone 

may be connected through a plurality of collectable ' • ^ * m ^ flbrous connective tissue layer 
supporting elements. Cooperation between the implant • connection of a prosthesis thereto, compns- 

and Tthe bone is provided by a bore in the jaw which * P 

tapped to provide screw-threading complementary to * n for supporting a mechamcal component 

the implant A similar arrangement is proposed by No- 50 t ^ hich a pros thesis may be connected; and 
nick in Implantology, November, 1983 Volume : 73, comp rising an upper bone-attachment region 

Number 11, pages 13-15 in which the threaded cylindn- * (q a , ower bo „ e .engagement region hav- 

cal implant is provided near its base with channels V 

through which bone is permitted to grow w i order _to whe kta the upper bone-attachment region comprises 
enhance co-operation between the bone and the im- 55 ^ subslantia {i y „ 0 n-porou S surface and is capable of 
plant. u „„ enhancing bone attachment thereto. 

Another means by which an implant may be an- According to another aspect of the present mvention, 
chored in position is taught by Pilhar m U.S. Pat No. a device f<)r c0 „n ec ting prosthesis to 

3,855,638. This reference describes a **S> cal m hoat comprising: 

«tevice with a porous metal coating. The 60 ^ ^JJ h 8 a ving a top portion for supporting a 

taught by Pilliar comprises a cylindrical l red having a ^cal component to which a prosthesis may 

porous coatmg on at least the are** of tbemjWB conn ected, and a body comprising an upper 

contact with and adjacent to ^f^*££S bone-attachment region tapering to a lower bone- 

tag allows for tissue ingrowth and tissue «>«e>tt». engage ment region having a porous surface, the 

This reference suggests that the implant m* y akoha ve 65 engag rcgion CO mprising a sub- 

a porous coating on the entire surface of the ^unplant to PP non - p orous surface and being capable of 

encourage soft tissue growth m regions » «mtecung such s > bone attachment thereto; and 

soft tissue. The provision of a porous coatmg on the enn 
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a mechanical component for connection to a prosthe- Preferably, the upper bone-attachment region of the 
sis, the mechanical component comprising a collar, implant body has a surface coated with a bioreactive 
connecting means for connecting the collar to the material. The exact nature of the bioreactive material is 
implant, a coping for integration with the prosthe- not particularly restricted and may be a hydroxyapatite 
sis, and retaining means for connecting the coping 5 such as calcium hydroxyapatite. Such a coating is ad- 
to the connecting means. vantageous in that it provides an osteoconductive sur- 
The combination in an implant of a tapered body face which promotes bone formation, attachment and 
having two surfaces, specifically a lower or apical po- retention as high as possible on the implant. Another 
rous surface for primary fixation of the implant (bone- feature of such a bioreactive coating is the provision of 
engagement) and an upper or coronal surface which 1° a smooth surface which is effective in preventing en- 
promotes the maintenance of bone surrounding this trapment of bacteria. Specifically, it has been surpris- 
surface of the implant (bone-attachment), provides un- ingty and unexpectedly discovered that such a surface 
expected and surprising advantages over implants de- encourages bone formation and retention as high as 
scribed in the prior art. possible on the implant body resulting in attachment of 
The tapered shape of the body of the implant is bene- 15 the b° ne t0 tne upper surface. This provides secondary 
ficial, particularly in the case of dental implants, since it fixation of the implant within the bone cavity and mini- 
provides a self-seating structure. Specifically, many nuzes tne de P th of gingival pockets which may form 
implants, such as dental implants, are exposed to con- around the implant. 

stant or regular compressive forces. The corneal shape While not wishing to be bound by a specific scientific 

of the present implant rninimizes apical movement of 20 tneorv ° r m °de of action, it is believed that bone 

the implant providing stability which encourages bone £ rowtn if stimulated by a constant small amount of 

ingrowth in the lower bone-engagement region of the stress actin S on tne bone °y a "foreign" object. In the 

implant body. absence of such stress, the bone may resorb which can 

A porous coating on the surface of the lower bone- cau . se formation of gingival pockets increasing the risk 

engagement region of the implant body provides for 25 of ,nfection - lt is believed that the combination of a 

primary fixation of the implant to the bone as it allows ta P ered implant body with the upper bone-attachment 

for bone ingrowth to the porous coating. The porous regl0n fussed above z*™* m mitigating the occur- 

coating has been found to provide a desirable degree of rence ° f e™g ival P ocket formation. The tapered shape 

engagement between implant and bone without the , A f ovldes e ^ cl \ ve transfer of stress to surrounding bone 

need for threading of the bone which requires special- 30 durm f <^ lusal ^"fl™ m comparison to the stress 

ized skills and equipment provided by a cylindrical implant. This may be due to 

It has also been found that the fixating property of * e that a PP»^tion of a vertical force on a tapered 

such a porous coating is most efTective if early move- ™£ ^ BSUl * m tWO / 0rce components acting on bone 

ment of the implant is mmimized or prevented In the 35 % ' f SpeC,flCaUy a n0 ™*l force 

present case, such early movement is rnirumized or 35 ^ om ? one ^- Effect ? ve 

prevented by the tapered geometry of the body of the ^Li^fi^ T ^ and /™ lon 

implant. Thus, the implant of the present invention °i ^ T ) : ^7°" of ^ u Hf 

„ r, mM , \ F , ' , bone -attachment surface discussed above provides the 

S^SrJST y more . f secure ^ ch ° ra 8 e of the creation of a seal between the implant aLYe bone 

mipknt wuhin a receivtng cavity is achieved. «, which serves {Q event subsUmtiaU P the de ° ve i * °° e "* 

n?T kV 6 l0 T bon t e " fiafieme f nt of tissue invagination and the sutaeqJSTS 

S/ioi™Sof l^L may rt be , m I 6 f °™ ° f , a currenceofimplantfan^reorbacterialinfectionleadinE 

ZSS «X? ,« v TL P 65 adhered J° V he to various fo ™ of «um disease. E 
implant surface into which bone may grow thereby 

fixing the implant and providing long term stability. 45 BRIEF DESCRIPTION OF THE DRAWINGS 

frn^m^n P ° r0US C ° m J^ SeS a P0T ° S ^ ° f " A P referred embodiment of the invention, particu- 

i U 0 mm ? * t f° Ut 800 nU 3 r ° nS : * 0re lar] y m res P ect of * application with dental prostheses, 

SE^ii P ?^Sf y P p° r ° US SUrfaCe 15 fr0n I is hereinafter Scribed by way of example only with 

about 50 to about 400 microns. Porosity ranges stated re f e rence to the accompanying drawings in which: 
herein are defined by pore size. 50 FIG. 1 is a perspective exploded vfew of a dental 

In ta preferred ^aspect of the present .invention, inters*- device showing components as 

tial bone growth may be enhanced by application of a viewed at an angle from above- 

protein coating over the porous surface of the tower FIG. 2 is another exploded v'iew of the same device 

bone-engagement region of the implant body. Such a shown in FIG. 1 at an angle from below* 

protem coating may comprise a protein such as colla- 55 FIG. 3 is a sectional view along line 3-3 of FIG. 1 

*> e ?l with parts in assembled condition; 

rne upper bone-attachment region of the implant FIG. 4 is a perspective view of a series of devices in 
body comprises a substantially non-porous surface. position on the jaw and supporting a dental bridge- 
Thus, the surface of this upper region of the implant FIG. 5 is an exploded perspective view of another 
body is relatively smooth in comparison to the porous 60 dental implant from above- 
surface of the lower bone-engagement region. Prefera- FIG. 6 is a sectional view along line 6-6 of the im- 
bly, the surface of the upper region is such that it has a plant of FIG. 5; and 

porosity of not more than about 5 microns root mean FIG. 7 is a side view of an alternative implant, 

square average (a surface with a porosity of about 5 _ J 

microns root mean square average has the texture of a 65 DETAILED DESCRIPTION OF A PREFERRED 

slightly roughened surface). It will be appreciated that a EMBODIMENT 

substantially smooth surface is included within this Referring now to FIGS. 1 and 2, there is illustrated a 

definition. device 10 comprised of an implant U, a collar 14, a 
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connecting screw 16, a coping 18 and a retaining screw 
20 all of which are preferably formed from a titanium 
alloy including aluminum and vanadium. Pure titanium 
and other biocompatible materials known in the art may 
also be used. 

Implant 12, which is to be integrated with bone, has a 
tapered body 22 of frusto-conical shape delimited by a 
base 24 and a top 26. Top 26 of the implant 12 defines a 
planar surface 28 from which a screw-threaded bore 30 
extends vertically into but not through the tapered body 
22. The planar surface 28 is bordered by a pair of pro- 
jections 32, diametrically opposed, which serve as inter- 
locking elements for engagement with complementary 
formations on the undersurface of the collar 14. 

Implant 12 comprises an upper bone-attachment re- 
gion 33 having an outer surface 31 which is substantially 
non-porous. This smooth upper portion extends over 
about 2 mm of the uppermost length of the implant. 

Implant 12 also comprises a lower bone-engagement 



10 



15 



vided preferably that the outer surface of the porous 
coating of the lower bone-engagement region remains 
flush with the upper bone-attachment region of the 
implant. Preferably, the thickness of the porous layer 
for materials made of titanium alloy is in the range of 
from about 20 to about 1,000 microns, The appropriate 
thickness of the porous layer deposited on a variety of 
other materials may vary depending upon the charac- 
teristic porosity of the deposited layer. 

Collar 14 is adapted to be coupled to implant 12 in 
such a manner that rotation between the two compo- 
nents is precluded. This is accomplished by providing 
recesses 40 on the lower surface 42 of collar 14 which 
complement the projections 32 of implant 12. The collar 
defines a frusto-conically shaped bore 44 (FIG. 3) ex- 
tending through its length allowing a screw-threaded 
shaft 46 of connecting screw 16 to be threadably en- 
gaged with a bore 30 of implant 12 so as to trap the 
collar 14 in position. Movement of the collar 14 in a 



region 35, including the base 24, provided with a porous 20 vertical direction is restricted by an enlarged head 48 of 



surface 34 comprised of a network of discrete particles. 
The porous surface 34 provides interstices into which 
bone is permitted to grow once implant 12 is accommo- 
dated within the bone (FIG. 4). The discrete particles of 
porous surface 34 are preferably formed from the same 25 
titanium alloy from which implant 12 is formed, al- 
though other non-biodegradable, non-toxic, tissue-com- 
patible materials may be used which admit of adherence 
to the material from which the implant is formed. Ex- 
amples of such other materials include cobalt-chromium 30 
beads, hydroxyapatite, aluminum oxide and ceramic 
materials known in the art. 

In a particularly preferred method of applying the 
porous coating, the desired material is powdered to 
provide spherical or irregularly shaped particles which 35 
are then admixed with adhesive and applied as a compo- 
sition to the implant. The implant is then subjected to 
high temperature sintering, under vacuum, by which 
the adhesive is removed and the particles fused to the 



the connecting screw and, particularly, by the nesting 
of a tapered lower portion 54 of the screw head within 
a complementary-shaped recess 44 of the collar 14, once 
screw shaft 46 is fully engaged within the implant 12. 
Since the torque applied to the connecting screw, when 
driving it into engagement with the collar 14, may be 
translated to the implant 12 if done forcefully, the collar 
14 is provided with opposed parallel edges 47 for en- 
gagement with a suitable wrench. The torque applied 
while driving the connecting screw 16 can thus be 
countered by the wrench rather than by the implant 12, 
leaving the implant relatively undisturbed and anchored 
in the bone. To assist in driving of screw 16, the head of 
the screw is provided with a slot 49 for engagement by 
a suitable driver. 

Head 48 of connecting screw 16 defines a screw- 
threaded bore 50 extending vertically into but not 
through connecting screw 16. An upper surface 52 of 
the connecting screw 16 is tapered so as to complement 



surface and to one another to form an interstitial matrix. 40 a correspondingly shaped recess 56 defined by coping 



The particles can vary from single layer to multilayer 
thickness. To accommodate the thickness of the parti- 
cles deposited so that the surfaces of both upper bone- 
attachment region 33 and the lower bone-engagement 
region of the implant remain continuous, the porous 45 
coated region of the solid implant core is preferably 
stepped as shown in FIG, 3 at 37. By maintaining the 
porous coated region flush with the non-porous coated 
region of the implant, the sides of the implant will make 
intimate contact with the walls of the tapered bore in 50 
the jaw at the time of surgical placement. 

The porous layer is provided to encourage growth of 
new bone into the interstices provided by the layer 
which growth provides for the anchoring function of 
the implant Accordingly, the porosity of the layer is 55 
preferably controlled to within limits which, on one 
hand, allow influx of growing bone to a great extent and 
which, on the other hand, provide at least a rninimum of 
surface to which the bone may anchor. It has been 
found that more preferred porosity ranges are on the 60 
order of from about 50 to about 400 microns although 
preferred porosities in the range of from about 10 to 
about 800 microns can be used. Successful results have 
been obtained using a porous layer derived from dis- 
crete particles of titanium-aluminum-vanadium having a 65 
porosity of from 50 to 400 microns for bone ingrowth 
and as low as 20 for connective tissue ingrowth. Also, 
the thickness of the porous layer may be varied pro- 



18. When properly aligned, a hole 58 in the top of a 
concave surface 60 of coping 18 aligns with screw- 
threaded bore 50 of connecting screw 16 so as thread- 
ably to engage a retaining screw 20 and trap coping 18 
in position over the connecting screw 16. Concave 
upper surface 60 of coping 18 seats the head 62 of the 
retaining screw 20. 

Advantageous features of the present invention may 
be realized in practice. In order to couple a dental pros- 
thesis to bone, according to the preferred embodiment 
of the present invention, a bone 104 (FIG. 4) is drilled to 
define a bore of substantially the same contour as that of 
the implant. Thereafter, the implant is positioned in the 
bore, capped with a temporary cover (not shown) and 
left relatively undisturbed during a healing period. Dur- 
ing the healing period, the bone surrounding the im- 
plant grows into the interstices in the porous layer of 
the lower bone-engaging region of the implant, thereby 
anchoring the implant in position and providing long 
term stability. Further, bone abuts against and attaches 
to the upper bone-attachment region of the implant 

After the healing period, the gingiva above the im- 
plant is opened, the temporary cap is removed and the 
collar, connecting screw, coping and retaining screw 
are accurately positioned on the implant. Thereafter, a 
cast is taken of the target region, i.e. the crestal region 
of the entire lower jaw 100 depicted in FIG. 4 including 
devices 10, and the cast is translated into a metal cast 
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framework supporting acrylic or porcelain teeth 102. By providing an implant having a tapered body, the 

Copings 18 are detached from each implanted device present invention mitigates the disadvantages attendant 

and incorporated into the bridge at positions corre- with cylindrical implants known in the art The tapered 

sponding exactly to the positions of the implants 12. The design of the implant provides for a stable initial friction 

teeth of the completed dental bridge are provided with 5 fit between the bone and the implant. Subsequently, the 

holes, each of which align accurately with the coping close apposition of bone to porous coating and the 

holes and which in turn align the threaded bore defined transfer of stress to the apposed bone will encourage 

by the connecting screw. To secure the dental bridge bone ingrowth and remodelling to effect sturdy attach- 

102 in position, retaining screw 20 is threadably en- ment of implant to bone. 

gaged with the connecting screw bore so as to trap the 10 As a further desirable procedure of enhancing bone 

coping and the dental bridge, within which the coping growth into the porous coating of the implant, the pres- 

has been integrated, into position. ent invention contemplates use of a protein precoat over 

A healing cap 62 is provided to be placed at the time the porous layer of the lower bone-engagement region 

of implant insertion. This element serves to prevent °f tne implant. It is believed that bone cells may be 

tissue growth within the threaded portion of the im- 15 attracted by appropriate protein precoatings, allowing 

plant component 12. migration to occur more deeply and more rapidly into 

A similar process is employed where only a single the interstices. Suitable protein precoats include colla- 

artificial tooth is to be coupled. In this case, the artificial 8 cn » fibronectin a "d platelet-derived growth factor on 

tooth is fashioned specifically to envelop the coping to bone morphogenic protein. Precoating of the protein 

ensure that it is properly integrated. The porous surface 20 ma y be conducted using simple dipping techniques, 

of the lower bone-engagement region is particularly generally known in the art. Hydroxyapatite or other 

advantageous when used for a single tooth since it will calc > u m phosphate such as /3-whitlockite may also be 

resist torsional movement of the implant better than a us * d as a P recoatin g applied by plasma spraying, sput- 

screw threaded design. tering or other techniques generally known in the art. 

Another embodiment of the invention is shown in 25 Generally, the means by which a prosthesis may be 

FIGS. 5 and 6. Elements similar to those in FIGS. 1-4 atta cned to the implant may assume any number of 

have been given the same reference numeral followed ™^Y™t-Tj SUb}QCt » «rtam pretored criteria, so 

by the suffix "A" skilled artisan will appreciate that such implant 

Generally, this embodiment is of similar construction , n ™ y , b \? Zp * d *° " '° TP^ 0 mec ^ ca ? com P°- 

to that of FIGS. 1-4, with a few exceptions. In this 30 °*er than that wh.ch ,s illustrated herein, 

embodiment, seals 200, 202 are provided between im- J™ P °f^ 5 ^ f T^T 

plant 12A and collar 14A and between connecting Wg a P™ the f to « he m P lant . «** not necessarily 

screw 16A and collar HA, respectively, to inhibit seep ^T^F*'? FJT*** * ? 0nDeCtmg T 
«„-^r^ 1 n a • * *u j • u- i_ • r F ponents to be detachable from the implant to allow the 

|*c of oral fluids intothedev.ee which may cause mfec 35 ^ p]ant to be undisturbed durfng £ healing pe ™ 

In addition, connecting screw 16A has a shorter ta- ^J^ZSi * C °. ll f r .P r0videS » mea f f or con - 

™>~a ca a * a u : c c • necting the coping, which is integrated with the pros- 

^fiZln ^ reduce < he ™>unt of fnc- thesis> t0 the ^ la b nt which is ^ d ^ the b P Qne 

SLri l^UA ^X xTa C ° mplememary To prevent rotation of the collar about the implant, a 

iS aJ^™T^^^ f ' 11 ha « 40 ^chanical interlock should be provided at the inter- 

P T v h v ' COnnect1 ^ face of these two components and may also be provided 

~ ,i n f f y Cy S C ?K and 2n annUiar between * e collar/coping interface. Also, it is desirable 

unn.r S ^V*"* * " t0 connect ^ of the components in such a manner as to 

upper hexagonal portion 212 provided for engagement prevent separation thereof in the vertical direction, 

by a wrench to apply torque to drive the connecting 45 Consideration also is given to the desirability of making 

SCr f W ;/i^' , L „ , . , the assembled fixture as streamlined as possible to pre- 

,^ Wer ^ a r e A ' thC C ° llar haS a P art " circular vent microbial flora from becoming established within 

recess 204 which fits over a complementary-shaped pockets which ^glit otherwise exist, 

protrusion 206 m implant 12A. The interconnection of Moreover, it will be appreciated that the implant of 

recess 204 and protrusion 206 inhibits relative rotational 50 the present invention is useful in anchoring prostheses 

movement of implant 12A and collar 14A. other tha n dental prosthesis to bone. Such prostheses as 

The upper surface 213 of collar 14A and a lower e yes, ears and limbs may be coupled at the appropriate 

surface 215 of coping 18A are each provided with mat- location using an implant of the type described herein 

mg tapered portions to inhibit relative movement there- together with the coupling components. Variation of 

CT^f n ^r ■ 55 s P ecific design parameters may be required for example, 

,JT ' is an alternative embodiment of an implant where attachment to the comparatively thin cranium is 

300. In this embodiment, the implant 300 has a tapered required. 

lower bone-engagement region 302 having a porous An embodiment of the present invention will now be 

coatmg and a tapered upper bone-attachment region exemplified by reference to the following non-limiting 

304 having a substantially non-porous surface. The 60 example, 
taper angle of region 304 is greater than that of region 

302 to provide additional protection against bone re- PREPARATION OF THE IMPLANTS 

sorption which may occur in the region of the upper Two different implant root designs fabricated from 

portion and to encourage bone formation in this region. the titanium (Ti) alloy, Ti-6A1-4V (ASTMF 167), were 

In this embodiment, the lower bone-engaging region 65 used in this study. 

preferably has a taper angle of 5° (this angle can be up The first design was identical to that previously re- 

to 15°) and the upper bone-attachment region prefera- ported (Deporter et al., /. Dent, Res., 69, 1138-1145, 

bly has a taper angle of up to 30'. 1990) except that the small vertical "step" previously 
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used to mechanically interlock the implant and collar stage procedure in the regions of the mandibular third 

was replaced with an internal hexagonal receptacle ' and fourth premolars which had been rendered edentu- 

designed to receive a corresponding male insert located lous six months prior to implantation. Two porous- 

on the apical aspect of the collar. The root component coated implant root components without HA on the 

consisted of a truncated conical shape (taper angle= 5'). 5 coronal third were placed on the left side and two por- 

The apical two-thirds of the root component (the lower ous-coated implant root components with HA coatings 

bone-engagement region) of which had a porous-sur- over this coronal region were placed on the right side of 

face coating formed by sintering two to three layers of the man dible of each dog. After an initial healing period 

T1-6A1-4V alloy particles (diameter 45 to 150 M m) on of six weeks> dl root components were unC0V ered each 

the Ti alloy implant substrate. The coronal one-third of io t0 receive a colIar coUar-retaining screw. Each pair 

the root component (the upper bone-attachment region) of {ants was tnen used tQ a fwed brid / for 

had a ^ machined alloy surface with a surface finish less an 18 momh functional riod durm which th * ^ 

than 1.75 microns cia (center "line average) ^ W£re d ^ thricc T wceklv usm * 02% chlorhex . 

The second design differed only in that the coronal , , , ^ 6 ' T _ 

♦u- a ? At* « ■ l t - crin ldine as previously descnbed (Deporter et al., J. Dent. 

one-third was 3.465 mm in diameter (versus 3.500 mm 15 « in7i-ifY77 iqra 
for the non-hydroxyapatite-coated implants of the first °^ A()/l lu// ;. 

design) and was roughened by sandblasting to give a 4.5 . D "™J> the P en ° d each ^plant was exam- 
to 5.0 micron Ra (root mean square average) surface me f ^diographically every four weeks with the dogs 
roughness (as measured with a Taylor-Hobson profi- under S eneral anaesth f la startm 6 at the tune of bndge 
lometer) in preparation for subsequent plasma spray 20 m f s ertion (approximately one week following placement 
coating with hydroxyapatite (HA). This roughened of the collar ^ collar-retaining screw). A custom- 
surface was ultrasonically cleaned and plasma dried (in made rihn holder was used > similar to one previously 
air). The hydroxyapatite powder used had a particle developed for use in humans (Cox and Pharoah, / Pros- 
size of less than 125 microns. The plasma spraying con- thet Dent > 56:338-341, 1986), to achieve greater stan- 
ditions used are s umm arized in Table 1. Plasma spray 2 s dardization of radiographic geometry in successive 
coating resulted in nominally the same overall diameter radiographs of the same implant. At each monthly ex- 
as the uncoated design (3.50 mm), although some varia- amination, bridges were removed and the film holder 
tion resulted because of the irregularity of the plasma- w *s connected to each implant individually. Kodak 
sprayed layer. ultra-speed DF-57 radiographic films (sizes #1 or #2), 

TABLE I 30 ^ ^ rom tnc same batcn » were ex posed using a Heliodent 

————————— 70 (Siemens) x-ray machine with exposure factors of 70 

Plasma Spraying Condition KVpj g mAj 22 impulses and focal-film distance of 39.5 

cm (15.5 inches). All films were developed manually 
using freshly mixed Kodak GBX developer and fixer 
35 (cat. 190 1859). 

All radiographs were analyzed as follows. Films 
were transverse-illuminated and projected (magnifica- 
tion factor — 6.6 X) onto a monitor using a video camera 
(DAGE-MTI Inc., Michigan City, Ind., model N70). 
40 The images were digitized using a two image digitizing 
board (MATROX Corp., Dorval, Quebec) mounted in 
The other components of the two implant systems a graphics-oriented computer (Silicon Graphics Inc., 
were identical. As before all components of the implant Mountainvtew, Calif, model ITUS 3120) and a custom- 
systems were made by machining (Strite Industries, ked computer program was used to measure the crestal 
Cambridge, Ontario) while implant root components 45 DOne height adjacent to each of the mesial and distal 
were porous-coated using methods previously de- surfaces of each implant. These height measurements 
scribed by Pilliar in / Biomed. Mater, Res,, 21A, 1-33, were calculated and expressed by the computer as a 
1987. fraction of the vertical height of the porous-coated 

All implant components except the HA-coated root segment of the root implant component. Since the 
components were cleaned under sonication in the fol- 50 crestal bone height was usually coronal to the machined 
lowing sequential steps: (i) washing in 2% Decon (BDH surface-porous surface junction, the majority of height 
chemicals) for 1 hour; (ii) three 3 minute washings in measurements are greater than 1.00. 
double-distmed, de-ionized water (DDDW); (ui) soak- ANALYSIS OF RESULTS 

mg m 28% nitric acid for 1 hour; and (iv) five 5 minute 

washings in DDDW. The cleaned implant components 55 Following the 18 month functional period, the sub- 
were then soaked for 1 hour in 100% ultrapure ethanol, jects were euthanized. Segments of mandible containing 
air dried in a sterile air cabinet and autoclaved. In order the implants were removed, processed and embedded in 
to avoid possible dissolution of the hydroxyapatite coat- methylmethacrylate, and sectioned for histological as- 
ing, the HA-coated root components were washed only sessment (Deporter et al., 1986; 1988). The sectioning 
in DDDW three times successively for 15 minutes and 60 technique was such as to provide two buccolingual, two 
were sterilized with dry heat for 40 minutes at 185° C. mesial and two distal sections of each implant. In some 

CTrxTr-ri^xiAT itv nuxur r*^ DT AW rc cases lt was V 0 **^ to obtain three sections in one 

FUNCTIONALITY OF THE IMPLANTS phme> while m others . f WM possib , e tQ obtain omy Qne 

Four male inbred beagle dogs (Laboratory Research because of technical complications. The sections were 

Enterprises, Kalamazoo, Mich.) having initial weights 65 examined both qualitatively and using computer- 

of from 16 to 20 kg were used. assisted morphometry. For the latter, black and white 

Implants were placed using a previously described photomicrographs of each section at 26.5 X magnifica- 

(Deporter ct al., J. Dent. Res., 65:1064-1070, 1986) two- tion were prepared and analyzed using a digitizing tab- 



Equipment: 


Metco MN 


Particle Size Range: 


1-125 


Arc current: 


400 A 


Arc voltage: 


60 V 


Arc gas: 


Nitrogen 


Powder gas: 


Nitrogen 


Gun-Substrate distance: 


8 cm 


Gun-Speed: 


10 cm/5 


Powder flow rate: 


10-15 g/min. 


Substrate Cooling: 


By air 
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let and Bioquant System IV software package (R & M 
Biometrics Inc., Nashville), 

For each of the coronal one-third (machined only or 
HA-coated) and the apical porous-coated two-thirds of 
each aspect (buccal vs. lingual vs. mesial vs. distal) of 
each implant, the absolute length of implant surface in 
apparent direct contact with bone was determined as 
shown in Table 2. These data are referred to as the 
S-Contact (smooth coronal $) and P-Contact (porous- 
coated apical £), and are expressed as both the as- 
measured absolute lengths (S-Contact, P-Contact) and 
as a fraction (S-Contact Length Fraction — S-CLF, and 
the P-Contact length fraction — P-CLF) of the maxi- 
mum length of the respective (i.e. coronal i or apical § ) 



12 

TABLES 3 (a) and (b)-continued 



These tables display the adjusted mean for bone heights, , 
absolute contact lengths and contact length fractions for the 
coronal one third (a) and porous-coated apical two thirds (b) 
for each of the buccal and lingual aspects of the two implant 
designs. 



10 



coated* 
coated minus 
non-coated 
(±SE) 



2.66 

-0.11 

±0.29 



2.81 
0.17 
±0.32 



3.49 

-0.73 

±0.55 



3.65 

-0.76 

±0.53 



40.4 39.7 
-6.0 -7.6 
±5.6 ±5.2 



•correspond iog coronal one-third coated with HA. 



Comparisons were made between the two implant 
designs controlling for variation among the dogs and 



implant surface available for contact with bone. The 15 possible positions, side and section of the implants, using 



CLF fraction is equal to the length of bone in contact 
with the implant surface/length of available implant 
surface. 

TABLES 2 (a) and (b) 



A comparison of the mesial and distal aspects of the coronal 
one third or upper bone-attachment region (a) and apical two- 
thirds or lower bone-engagement region (b) of the two implant 

designs on the basis of bone height, absolute contact length 
and contact length fraction. 


(a) coronal one third (upper region) 








S-Height (mm) 


S-Contact (mm) 


S-CLF (%) 


non-coated 
coated 
coated minus 
non-coated 
(±SE) 


0.77 
0.99 
0.23 
±0.10 


0.61 
0.71 
0.10 
±0.10 


30.12 
34.21 
4.09 
±4.58 


(b) apical two thirds flower region) 








P-Hcight (imu) 


P-Contact (mm) 


P-CLF (%) 


non-coated 
coated* 
coated minus 
non-coated 
(±SE) 


2.70 
2.73 
0.04 
±0.20 


4.31 
3.59 
-0.72 
±0.36 


46.83 
40.06 
-6.77 
±3.55 



•corresponding coronal one-third coated with HA 

In addition, the straight line vertical heights of bone 
in contact with each of the coronal i and apical § of 
each aspect of each implant were determined as shown 
in Table 3. These are respectively referred to as the 
S-Height (coronal J) and the P-Height (for apical 5). 
These latter measurements were made directly from the 
histological slides using a stereomicroscope at 20 X 
magnification and a Vernier gauge (Mitutoyo Canada, 
Streetsville, Ontario). 

TABLES 3 (a) and (b) 

These tables display the adjusted mean for bone heights, 
absolute contact lengths and contact length fractions for the 
coronal one third (a) and porous-coated apical two thirds (b) 
for each of the buccal and lingual aspects of the two implant 
designs. 

(a) coronal one third 

S-Height (mm) S-Contact (mm) S-CLF (%) 
Lin- Lin- Lin- 
Buccal gual Buccal gua] Buccal gual 



non-coated 0.78 

coated 1.03 

coated minus 0.25 

d on-coated ±0.13 
(±SE) 



0.78 
0.99 
0.21 
±0.17 



0.65 
0.72 
0.07 
±0.14 



0.57 
0.71 
0.14 
±0.14 



(b) apical two thirds 

P-Height (mm) 
Lin- 

Buccal gual 



P-Contact (mm) 
Lin- 

Buccal gual 



non-coated 



2.76 



2.63 



4.22 



4.42 



analysis of variance. Computations were done using 
procedure GLM in the Statistical Analysis System to 
accommodate lack of balance (i.e. inequalities in the 
number of observations in all subcategories). Least 
20 square means were computed for observations made on 
the hydroxyapatite and control surfaces. These compar- 
isons were carried out separately for the smooth and 
porous regions of each section of implant. 
Finally, selected tissue-implant blocks that remained 
25 after sectioning for histological studies were completed, 
ground and polished using standard metallographic 
procedures in order to examine the HA coating after a 
prolonged in vivo exposure. For the specimen prepara- 
tion, the final grinding and polishing directions were 
normal to the ceramic-metal interface with the grinding 
and polishing direction from the ceramic to the metal to 
avoid effects of metal smearing over the HA coating. 

RESULTS 

All of the implants became fixed by bone ingrowth 
and remained so throughout the 18 month functional 
period. The associated gingival tissues were in all cases 
keratinized and remained healthy in appearance. 

The placement of a bioreactive hydroxyapatite plas- 
ma-sprayed coating over the smooth coronal region of 
the partially porous-coated dental implant results in 
bone retention to a greater height in this region. This is 
significant since loss of crestal bone adjacent to the 
non-coated implant generally results in periimplant 
pocket formation thereby Increasing the susceptibility 
of an implant to plaque accumulation leading to tissue 
loss as well as infection. 
What is claimed is: 

1. An implant for insertion into bone through an 
epithelial and fibrous connective tissue layer and useful 
to connect a prosthesis thereto, the implant comprising: 

a top portion for supporting a mechanical component 
to which a prosthesis may be connected; and 
55 a body comprising an upper bone-attachment region 
tapering at an angle of about 5 degrees to a lower 
bone-engagement region formed from a material 
having a porous surface: 
wherein said upper bone-attachment region com- 
60 prises a substantially non-porous surface capable of 
enhancing bone attachment thereto. 

2. The implant defined in claim 1, wherein said non- 
______ porous surface of said upper bone-attachment region 

comprises a bioreactive coating. 
P-CLF (%) 65 3. The implant defined in claim 2, wherein said coat- 
Lin- ing is calcium hydroxyapatite. 

s^ 1 4. The implant defined in claim 2, wherein said non- 

47.3 porous surface is a roughened surface having a porosity 



30 



35 



40 



45 



50 



31.9 
34.5 
2.6 
±6.4 



28.4 
34.4 
6.0 
±7.1 



Buccal 



46.4 
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of not more than about 5 microns root mean square 
average. 

5. The implant defined in claim 4, wherein said non- 
porous surface is made of a titanium alloy. 

6. The implant defmed in claim 2, wherein said me- 5 
chanical component is releasably retainable on said 
implant. 

7. The implant defined in claim 2, wherein said upper 
bone-attachment region has a larger taper angle than 
said lower bone-engagement region. 10 

8. The implant defined in claim 2, wherein said upper 
bone-attachment region is flush with said lower bone- 
engagement region. 

9. The implant defined in claim 2, wherein the top 
portion of the implant defmes engagement means for 15 
complementary engagement with said mechanical com- 
ponent to resist rotation of said mechanical component 
about said implant. 

10. The implant defmed in claim 2, wherein said po- 
rous surface has a porosity from about 50 to about 400 20 
microns. 

11. The implant defined in claim 1, wherein said po- 
rous surface has a porosity from about 10 to about 800 
microns. 



15. The implant defined in claim 1, wherein protein is 
layered over said porous surface. 

16. A device for connecting prosthesis to bone com- 
prising: 

an implant having a top portion for supporting a 
mechanical component to which a prosthesis may 
be connected, and a body comprising an upper 
bone-attachment region tapering at an angle of 
about 5 degrees to a lower bone-engagement re- 
gion having a porous surface, the upper bone- 
attachment region comprising a substantially non- 
porous surface capable of enhancing bone attach- 
ment thereto; and 

a mechanical component for connection to a prosthe- 
sis, the mechanical component comprising a collar, 
connecting means for connecting the collar to the 
implant, a coping for integration with said prosthe- 
sis, and retaining means for connecting the coping 
to said connecting means. 

17. The device defined in claim 16, wherein the upper 
bone-attacliment region of said implant has a greater 
taper angle than that of the lower bone-engagement 
region of said implant. 

18. The device defined in claim 16, wherein the upper 



12. The implant defined in claim 1, wherein said po- 25 bone-attachment region of said implant has a bioreac- 



rous surface is formed from discrete particles of the 
same material from which the implant is formed. 

13. The implant defined in claim 1, wherein said po- 
rous surface is formed from a material selected from the 
group consisting of titanium alloy, cobalt-chromium, 
hydroxyapatite, aluminum oxide and ceramic material. 

14. The implant defined in claim 13 wherein said 
protein is collagen. 



30 



tive coating thereon. 

19. The device defined in claim 18, wherein said coat- 
ing is calcium hydroxyapatite. 

20. The device defined in claim 16, wherein the sur- 
face of the upper bone-attachment region of said im- 
plant has a porosity of not greater than about 5 microns 

root mean square average. 

***** 
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[57] 



ABSTRACT 



A compression screw having a proximal portion and a 
distal portion integrally interconnected by an intermedi- 
ate tapering portion. The proximal and distal portions 
have threads of the same pitch. The intermediate por- 
tion has a smooth outer surface tapering the larger di- 
ameter proximal portion into the smaller diameter distal 
portion. The shaft of the proximal portion is cylindrical 
and the shaft of the distal portion is tapered, terminating 
in a sharp trocar point, and the threads of the proximal 
and distal portion may be provided with self-cutting 
flutes. The smooth tapering surface of the intermediate 
portion cooperates with the threads at the distal end to 
effect counteracting forces which cause compressions 
of the bone between the distal end and the taper. 

13 Claims, 9 Drawing Figures 
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integrally interconnected by an intermediate portion. It 
COMPRESSION BONE SCREW is a further object of this invention to describe a bone 

screw having distal threads and proximal threads of the 
This application is a continuation-in-part of Ser. No. same pitch. It is an object of this invention to describe a 
109,639, filed Jan. 4, 1980, now abandoned. 5 bone screw having distal and proximal threads having 

BACKGROUND OF THE INVENTION self-cutting flutes. It is another object of this invention 

to describe a bone screw terminating in a sharp trocar 

1. Field of the Invention point. It is an object of the invention to describe a bone 
The invention generally relates to a screw for joining screw having an intermediate portion with a substan- 

parts of bone. 10 tially smooth outer surface. It is another object of this 

Many types of bone fractures, particularly fractures invention to describe a bone screw, particularly a fibu- 

of the fibula are lateral fractures occurring near the i ar screW( having a cylindrical proximal shaft tapering 

distal end of a long bone. In such a case, if reinforce- j nt0 a tapered distal shaft. 

ment is necessary, it may be desired to provide such lt is a further o5Ject t0 prov ide a means for repair of 
reinforcement parallel to the length of the bone. In 15 a fraclure runn ing transverse to, or diagonally trans- 
particular, this invention is directed to the provision of verse to the , ength of a ]ong bone in which the repair 
reinforcement, with a compressive force, along the medium compresses the fractured segments of the bone 
medullary canal of the long bone, with access to the paral|el lQ , he ]ength of thg bone wnile maintajning a 
medullary canal being achieved by drilling along the Iengthwise alignment of the bone. It is a further object 
center of the bone from the end of the bone. 20 tQ provjde a meang for repairing such a bone in such a 
While most fractures of long bones are transverse manner jn whjch a Scr£w j$ insefted $Q thfU ft portjon Qf 
fractures, such fractures usually do not occur along the SCfew runs a , the medullary canal of the bon£j 
lines perpendicular to the length of the bone, but rather wjth fhe h Qf thfi scfew ensuri that the bone 
occur a ong fracture lines which cross the bone m a ment s remain in axial alignment, and in which the screw 
diagonal direction. Thus, direct compressive force in 25 effects a longitudinal compression of the bone segments, 
many cases tends to cause the segments of the bone to * . Mt 

shift laterally, thus defeating the purpose of intention- ' ... J t c . 

tl , J1 * * v . . ^ which accomplishes this kind of compression, and 

ally applied compressive force. For this reason, any ... , ' . ... , c ■ L 

, . yy ee / . nt r ■ \ which can be additionally used for repairs of lung bones 

device effecting longidutinal compression at a fracture K & 

site must also provide a means for aligning the two 30 oU ^[ l " an the tlDu,a - ...... . 

segments of the bone so as to avoid any lateral shift. T1 \ e b r ° ne screw ac ^ng the invention is com- 

2. Description of the Prior Art * P r fd of a P™'™ 1 PO"ion having a cylindrical proxi- 
Many types of screws are known in the prior art. For mal s u haft and P™ xim u aI t ™ e P'™ 1 ' hreads r 

example, Russell in U.S. Pat. No. 146,023 describes a ma > r be provided with self-cutting flutes in the form of 
wood screw with a thread of varying pitch gradually 35 notches. The proximal portion is provided with a means 
decreasing from the point of the screw. ~ for engaging a tool such as a hexagonal opening for 

Fracture screw adjusting means arc also known in the engaging a hexagonal screw driver designed to fit alien 
prior art as described by Charnley in U.S. Pat. No. screws - The proximal portion integrally terminates into 
2 801 631 an intermediate portion having a substantially smooth 

' Anchoring arrangements for joining two dissimilar 40 outer surface tapering and integrally terminating into a 
materials are disclosed in Canadian Pat. No. 731,381, distal portion. The distal portion has a distal tapering 
issued to Fischer. snaft terminating in a trocar point. The distal portion is 

None of the above-disclosed attaching structures provided with distal threads having the same pitch as 
have been particularly applied to use as a distal fibular the proximal threads. The distal threads also may be 
screvv> * 45 further provided with self-cutting flutes in the form of 

A screw described by Herbert in U.S. Pat. No. notches. 
4,175,555 has two threads, separately located at differ- T *e screw is used by drilling a fractured long bone, 
ent locations along the length of the screw at distal and such as a fibula, from the end thereof. The bore is en- 
proximal ends, respectively, the threads being separated larged a t the entry point to a diameter sufficient for the 
by a shank portion. The distal threaded portion has a 50 proximal end of the screw to enter the bone, with the 
diameter which is smaller than the proximal threaded proximal end engaging the bone. It is significant that a 
portion, while the thread pitch of the (narrow) distal portion of the purchase site which is to be engaged by 
threaded portion is greater than the thread pitch of the the tapering intermediate portion is drilled narrower 
(wide) proximal threaded portion. This thread pitch than the tapering portion, at least before the fracture 
differential causes the distal end of the screw to attempt 55 line of the bone is reached. 

to advance through bone tissue for each clockwise turn By the distal threads engaging the bone beyond the 
of the screw at a rate greater than the rate of advance of fracture line when the tapering part of the intermediate 
the proximal end of the screw. The difference in ad- portion is engaging the bone before the fracture line, a 
vance rates results in the compression of bone at the compressive force between the segments of the bone on 
distal end against bone at the proximal end. It can there- 60 opposite sides of the fracture line is established. This 
fore be seen that Herbert effects a compression which compressive force is maintained at least until the proxi- 
changes in accordance with the number of turns that the mal threads engage the bone, thus establishing a corn- 
screw is threaded when the proximal threads arc cngag- pressed relationship between the bone segments en- 
ing bone. gaged by the proximal and distal ends of the screw. 

„t,w«, . « ™^ tv^wt-^t^^t 65 Thus, compression is achieved by the profile of the 

SUMMARY OF THE INVENTION screw rather than fl differentia , thread p < tch . An axial 

It is an object of the invention to describe a bone alignment of the bone segments is established as a result 
screw having a distal portion and a proximal portion of the screw engaging the bone along the drill bore. 
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BRIEF DESCRIPTION OF THE DRAWING 

These features and object of the invention will be- 
come apparent to those skilled in the art by referring lo 
the accompanying drawing in which: 5 

FIG. 1 is a perspective view of the fibular screw 
according to the invention; 

FIG. 2 is a longitudinal sectional view of the fibular 
screw according to the invention; 

FIG. 3 is a sectional view taken along lines 3—3 or 10 
FIG. 1; 

FIG. 4 is a distal end view of the fibular screw ac- 
cording to the invention; and, 

FIGS. 5A-5E show a preferred technique for using 
the fibular screw according to the invention. 15 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In order to more fully understand the invention, it 
should be pointed out that the words, "distal," and, 20 
"proximal," will be used to describe portions both of the 
screw and of the bone in the following manner: 

When a fracture occurs at a portion of a long bone 
near an end of that bone furthest from the body, that 
fracture is said to occur at the distal, rather than the 25 
proximal end of the bone. On the other hand, the fibular 
screw will be described as being inserted in that end; the 
screw will be arranged so that the proximal end of the 
screw is adjacent the distal end of the bone. Therefore, 
the distal end of the screw will be the part of the screw 30 
that is closest to the proximal end of the bone. For this 
reason, the proximal and distal portions of the screw 
should not be confused with the proximal and distal 
ends of the bone, which are often, but not always, in 
opposite alignments. 35 

The preferred form of the invention is shown as a 
distal fibular screw (i.e., a screw to be inserted into the 
distal end of the fibula) and includes a proximal portion 
11, a distal portion 2 and an intermediate portion 3 
integrally interconnecting the proximal portion 11 and 40 
distal portion 2. Preferably, the proximal portion 11 has 
a proximal shaft llfl which is cylindrical in shape. The 
proximal shaft lla is provided with a plurality of proxi- 
mal threads 4 having a given pitch. 

The distal portion is comprised of a tapered distal 45 
shaft 2a terminating in a sharp trocar point 7. The distal 
portion 2 is provided with a plurality of distal threads 5, 
In the preferred embodiment, the distal threads may be 
provided with at least one self-cutting flute 6. The flute 
is preferably a notch which cuts through the threads 5, 50 
the notch having a wall 6a perpendicular to the distal 
shaft 2a and a wall 6b parallel to a tangent of the distal 
shaft 2a. The embodiment illustrated in FIGS. 1-4 uti- 
lize two such flutes 6 in the distal thread portion 2. 

The proximal portion 11 is provided with a means for 55 
engaging a tool such as hexagonal opening 8 for engag- 
ing a hexagonal wrench. The intermediate portion 3 is 
integral with the proximal portion 11 and distal portion 
2. The proximal portion 11 has a diameter which is 
greater than the greatest diameter of the distal portion. 60 
The proximal threads 4 may also include at least one 
self-cutting flute in the form of a notch 13 (FIGS. 1 and 
4)such as those described for the distal threads. A par- 
ticularly advantageous embodiment may include three 
notches 13 in the proximal portion and two flutes 6 in 65 
the distal portion. 

In the embodiment shown, the proximal threads 4 
have the same pitch as the distal threads 5. Regardless 



4 

of the relative thread pitches, due to the tapered inter- 
mediate portion 3, a certain amount of compression can 
occur as the tapered area wedges into the bone or the 
medullary' canal. That is, as the screw is applied to the 
bone the continuously increasing diameter of the inter- 
mediate portion causes compression between bone en- 
gaged by the intermediate portion 3 and the bone en- 
gaged by the distal threads 5. Preferably, the screw is 
threaded with relatively large threads, as illustrated to 
achieve substantial thread to bone contact. The screw is 
preferably made of a metal such as stainless steel. 

Inasmuch as the tapered intermediate portion 3 is 
intended to effect compression, in the preferred embodi- 
ment, the intermediate portion 3 must be of sufficient 
length for at least a part of the intermediate portion 3 to 
engage the bone on one side of a fracture line while the 
distal threads 5 engage the bone at the other side of the 
fracture line. This would occur prior to the proximal 
threads 4 engaging the bone. 

The tapered shaft 2a of the distal portion 2 is tapered 
slightly to conform to the narrow canal just above the 
lateral malleolus. The hexagonal opening 8 allows the 
proximal end of the screw to be engaged by a tool so 
that the screw can be recessed flush with the bone. 

OPERATION AND SURGICAL PROCEDURE 
Referring to FIGS. 5A-5E, a typical fracture 23 of 
the fibula 21 is shown. FIGS. 5A-5E illustrate a lateral 
view of the fibula. As is shown, fracture 23 will most 
likely occur along a fracture line near the distal end 25 
of the bone, segmenting the fibula 21 into distal and 
proximal fragments lid and 21/?, respectively, In order 
to insert the screw, the distal end 25 is exposed by tem- 
porarily separating, to the extent necessary, the distal 
end 25 from the astragalus (not shown) and associated 
tendons and ligaments located at the distal end 25. After 
exposure of the distal end 25, the fibular is maintained in 
alignment and a center bore 27 is drilled along the 
length of the fibular 21 from the distal end. The bore 27 
is sized so that the distal end of the bone screw will 
threadingly engage the bore. Preferably, the center bore 
27 is drilled with a drill bit corresponding to the diame- 
ter of the leading tip end of the distal shaft 2a. The bore 
27 is widened for a short distance from the distal end 25 
in order to form a wider diameter portion 29 of the bore 
27. The wider diameter portion 29 is preferably drilled 
with a bit corresponding to the diameter of the proximal 
shaft 11a. This wider portion 29 permits engagement of 
the threads 4 at the proximal portion of the screw, while 
allowing the screw to penetrate the outer cortex of the 
bone as the screw enters the distal end 25 of the bone. 

After the purchase site is cleared of thrombosi and 
other debris, the screw 31 is inserted into the center 
bore 27 by using an alien key 33 or similar tool. While 
the alien key 33 is shown for simplicity, it is anticipated 
ihat an alien screwdriver will actually be used as the 
turning tool. When the dista! threads 5 of the screw 31 
have substantially cleared the fracture line 23, the taper 
at the intermediate portion 8 creates opposing forces, as 
indicated by arrows 35. As the tool 33 is rotated, these 
forces can continue to develop until the proximal 
threads 4 hold the bone 21 in the state of compression so 
established. 

Compression of the distal bone fragment 21d onto the 
proximal bone fragment 21/? is achieved as the distal 
threads 5 engage the proximal bone fragment 21/?, as 
insertion continues and as the diameter of the intermedi- 
ate portion 3 tapers to the larger diameter of the proxi- 
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mal portion 1, forcing the distal fragment of bone 2\d may be understood tiiat the invention may be employed 

(compressing the fracture) onto the proximal fragment in several surgical applications wherein a device for 

21/?, pushing the distal portion l\d ahead. The compres- engaging two portions of bone is required.. Thus, while 

sion takes place before the proximal threads 4 enter the the screw is particularly adapted for insertion along 

bone 21. 5 medullary canals of the long bones, but may also be 

Since, in the preferred embodiment, both sets of used in a similar manner in bone other than just along 

threads 4, 5 are of same pitch, as both sets of threads the medullary canal, 

become engaged in the bone 21, no further compression I claim: 

is achieved because threads of the same pitch would be . 1. A compression bone screw comprising: 

advancing the same amount. This is important because 10 (a) a distal portion including a distal shaft having a 

the engagement of the proximal threads 4 with the distal plurality of distal threads therein, the distal threads 

bone fragment 2\d fixes the amount of bone compres- having a given pitch, said distal portion terminating 

sion established. in a substantially pointed end; 

It should be clear that, although the compressive , (b) a proximal portion including a proximal shaft 
force may later subside as the bone tissue releases pres- 15 having a diameter which is greater than the diame- 
sure against the distal threads 5 and the intermediate ter of the distal shaft said proximal portion includ- 
portion 3, the engagement of the proximal and distal ing a tool interengaging means thereon; and 
threads 4, 5 with the bone 21 still provides a fixed rela- (c) an intermediate portion connecting the proximal 
tionship for the bone on either side of the fracture line portion and the distal portion, the intermediate 
23. It should be further noted that, since the bore 27 and 20 portion including a tapered shaft having a thread- 
consequently the distal portion 2 of the screw 31 coin- less substantially annular smooth outer surface, 
cide with the medullary canal, a minimum of structural wherein the tapered shaft and the distal threads 
bone is lost in the narrow portion. This minimization of cooperate so as to create opposing forces which 
structural loss provides an increased strength of the effect compression of bone tissue between the in- 
bone 21 adjacent the distal portion 2 of the screw 31, 25 termediate portion and the distal portion when the 
that being the portion of the bone 21 where the rein- distal threads and the tapered shaft are both engag- 
forcement terminates and inherent bone strength is most ing bone tissue. 

needed. 2. The bone screw of claim 1 wherein the proximal 

While the placement of the proximal end 11 of the shaft is cylindrical, the distal shaft is tapered and the 

screw is mostly or entirely within cancellous bone, the 30 cross-sectional diameter of the proximal shaft is greater 

distal end 2 is primarly placed in the cortical bone sur- than the largest cross-sectional diameter of the distal 

rounding the medullary canal. Since the distal end 2 shaft. 

exerts a significant force on both the intermediate por- 3. The bone screw of claim 2 wherein the cross-sec- 
tion 3 and on the proximal end 11 of the screw, the tional diameter of the proximal shaft is no smaller than 
included angle a of the thread cross-sections is critical. 35 the largest cross-sectional diameter of the distal threads. 
If that included angle a is less than 20°, than the threads 4. The bone screw of claim 2 wherein the distal 
have a reduced strength which would result in the threads are provided with at least one self-cutting flute, 
threads collapsing, this being primarily a problem with 5. The bone screw of claim 4 wherein the distal por- 
the distal threads 5. If the included cross-sectional an- tion terminates in a sharp trocar point, 
gles a is too great, the threads have a reduced purchas- 40 6. The bone screw of claim 2 wherein the distal 
ing power and would therefore have a tendency to threads may be inserted into a bore formed longitudi- 
"strip out" of both the cortical bone engaged by the nally along the center axis of the fractured end of a bone 
distal threads and the cancellous bone engaged by the and, by inserting the screw into the bore until the distal 
proximal threads. For this reason, the included angle a threads engage the bone on one side of the fracture and 
must be less than 60°. In the preferred embodiment, the 45 at least a part of the intermediate portion is engaging the 
included cross-sectional angle a is 40' which is within a bone on the opposite side of the fracture, a compressive 
preferred range of between 30° and 50°. Thus, the force is established in the bone parallel to the length of 
threads Sat the distal end 2 are able to "grab" the corti- the screw, said distal portion terminating in a sharp 
cal bone at the medullary wall, threads 4 at the proximal trocar point. 

end 11 are able to maintain a satisfactory grip on the 50 7. The bone screw of claim 1 wherein the proximal 

cancellous bone occuring at the distal end of the fibula. shaft has a plurality of proximal threads thereon, said 

Thus, the proximal and distal threads 4, 5 are "cut" proximal threads having a given pitch which is the same 

within the same included cross-sectional angle a and as the given pitch of the distal threads, 

with the same pitch as described above. 8. The bone screw of claim 7 wherein the proximal 
It is contemplated that the screw may be supplied in 55 threads are provided with at least one self-cutting flute, 

different sizes. Generally, 90% of all fibular fractures 9. The bone screw of claim 1 wherein the proximal 

occur just above the lateral malleolus (distal fibula) portion is provided with a recessed socket for engaging 

where the fibula "necks down". Often these fractures a tool. 

are comminuted. In the past, rush rods have been used, 10. The bone screw of claim 9 wherein said recessed 
but these rods tend to rotate and back out. The dis- 60 socket is a recessed hexagonal opening, 

closed fibular screw avoids this drawback by providing 11. A compression bone screw comprising: 

proximal and distal threads of the same pitch. (a) a distal portion including a distal shaft having a 

Various changes may be made in the details of the plurality of distal threads thereon, the distal threads 

invention, as disclosed, without sacrificing the advan- being provided with at least one self-cutting flute, 

tages thereof or departing from the scope of the ap- 65 the distal threads having a given pitch, and the 

pended claims. Furthermore, although the present in- distal portion terminating in a sharp trocar point; 

vention has been disclosed and discussed with regard to (b) a proximal portion including a cylindrical proxi- 

its exceptional advantages in terms of a fibular screw, it mal shaft having a plurality of proximal threads 
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thereon, the proximal threads having the same 
given.pitch as the distal threads, the proximal shaft 
having a diameter which is greater than the largest 

' cross-sectional diameter of the distal threads; and 
the proximal portion being provided with a re- 5 
cessed socket adapted to be engaged by a tool for 
rotating said screw; and 

(c) an intermediate portion connecting the proximal 
portion and the distal portion, the intermediate 
portion including a tapered shaft having a thread- 10 
less substantially annular smooth outer surface, 
wherein the distal threads may be inserted into a 
bore formed longitudinally along the center axis of 
a fractured bone and, by inserting the screw into 
the bore until the distal threads engage the bone on 15 
one side of the fracture and at least a part of the 
intermediate portion is engaging the bone on the 
opposite side of the fracture, the tapered shaft and 
the distal threads cooperate so as to create oppos- 
ing forces which effect compression of bone tissue 20 
between the intermediate portion and the distal 
portion, the compressive force thus established 
being parallel to the length of the bone and the 
length of the screw, with the screw further estab- 
lishing axial alignment of the bone at the fracture 25 
site. 



12. The bone screw of claim 11, wherein said interme- 
diate portion is of approximately the same length as said 
distal portion and said proximal portion. 

13. A compression bone screw comprising: 

(a) a distal portion including a distal shaft having a 
plurality of distal threads thereon, the distal threads 
having a given pitch; 

(b) a proximal portion including a proximal shaft 
having a plurality of proximal threads thereon, the 
proximal shaft having a diameter which is greater 
than the diameter of the distal shaft, said proximal 
threads terminating about midway along said prox- 
imal shaft and 

(c) an intermediate portion connecting the proximal 
portion and the distal portion, the intermediate 
portion including a tapered shaft having a substan- 
tially smooth outer surface, wherein the tapered 
shaft and the distal threads cooperate so as to cre- 
ate opposing forces which effect compression of 
bone tissue between the intermediate portion and 
the distal portion when the distal threads and the 
tapered shaft are both engaging bone tissue, said 
intermediate portion being of a approximately the 
same length as said distal portion and said proximal 
portion. 
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[57] ABSTRACT 

A bone screw has a smooth shaft segment, a threaded 

segment and a tapered transition segment between the 

shaft and the threaded segment. 

13 Claims, 1 Drawing Sheet 




04/14/2003, EAST Version: 1.03.0002 




04/14/2003, EAST Version: 1.03.0002 



5,01 

1 

BONE SCREW 

FIELD OF THE INVENTION 

This invention relates to bone screws and particularly 
to bone screws of the so-called Schanz type. Such 
screws have a screw head, a smooth shank segment, and 
a threaded segment 

BACKGROUND OF THE INVENTION 

With conventional designs of Schanz screws, with 
any additional load on the screw in a radial direction, 
the driving pressure is reinforced on one side while 
being relieved on the other because of the absence of 
pre-stress. This can lead to a loosening of the screw and 
subsequent bone resorption, (cf. S. M. Perren, R. Ganz, 
and A. Ruter, Med Orthop. Technik, Heft 1/75, 95 
Jahrg. (1975) pp. 6-10). In addition, with conventional 
Schanz screws, two drilling procedures are necessary, 
one with a drill for the minor diameter di and the other 
with a drill for the major diameter <\i. If one tries to 
simplify the procedure by forming a single, undersized 
hole, micro and macro fractures occur in the bone mate- 
rial. 

In conventional Schanz screws the transition be- 
tween the shank and thread segments, both of which 
have the same outside diameter, is formed as a channel 
that either punches the bone material along its leading 
edge or cuts it along its back edge. There is not merely 
a radial spreading of the bone material. 

SUMMARY OF THE INVENTION 

In accordance with the invention, a bone screw is 
provided which can be inserted with only one drilling 
procedure, under radial compression of the bone mate- 
rial, without bone injury, and which retains the radial 
driving pressure along with the entire surface even 
under additional functional loads. 

Such results are obtained in accordance with the 
invention by means of a bone screw having a head, a 
smooth shaft segment having a diameter Di, adjacent 
said head, a threaded segment, and a transition segment 
between the shaft segment and the threaded segment, 
said transition segment tapering from a diameter Dj 
adjacent the shaft segment to a diameter D2 adjacent the 
threaded segment, the ratio 

D\-Dl 

being less than the breaking elongation of the bone. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further described with refer- 
ence to the accompanying drawings in which: 

FIG. 1 is a view in elevation, partly broken away, of 
a bone screw in accordance with the invention. 

FIG. 2 is a view in elevation of a fragment of a modi- 
fied version of the bone screw of FIG. 1. 

FIG. 3 is a view in elevation of a fragment of a differ- 
ently modified version of the bone screw of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a bone screw according to the 
invention comprises a screw head 1, a smooth shaft 
segment 2, having a diameter D| and a threaded seg- 
ment 3 having a minor diameter di and a major diameter 
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d2- Between the shaft segment 2 and the threaded seg- 
ment 3 is located a tapered transition segment 4. In the 
embodiment shown in FIG. 1 the transition segment is 
conically shaped and narrows continuously from diame- 

5 ter Dj to a lesser diameter D2 The free end 6 of the 
threaded segment 3 is constructed as an automatically 
expanding screw tip (Trocar tip). 

The breaking elongation of a bone will normally be 
about 2-3%. The size of the transition segment should 

10 be selected so that the ratio 

gj - *>2 
Ol 

! 5 is less than the breaking elongation of the bone, say 
from about 0.001 to about 0.04O preferably between 
about 0.010 and 0.030. This range will result in optimum 
compression of bone material. 
The diameter D2 at the narrower end of the transition 

20 segment should advantageously correspond to the 
major diameter 62 of the threaded segment to guarantee 
sufficient compression of the bone material by the 
smooth shaft segment. 
The threaded segment is preferably dimensioned so 

25 that the ratio between the minor and major diameter, 
di/d2 is between about 0.80 and about 0.89, preferable 
between about 0.83 and about 0.86. 

To prevent simultaneous action by the threaded seg- 
ment on the rear corticalis and by the transition segment 

30 on the front corticalis, which would lead to loss of 
control when the bone screw is screwed in, it is advan- 
tageous to position the transition segment at a distance 
of from about 1 1 to about 15 mm, preferably from about 
12 to about 14 mm from the free end of the threaded 

35 segment, i.e., the end remote from the transition seg- 
ment. 

In a specific example of a screw according to FIG. 1 
the shaft segment may have a diameter D\ of 4.5 mm, 
and the threaded segment may have major and minor 

40 diameters of 4.4 mm and 3.8 mm, respectively. The end 
of the transition segment has a diameter, D2, equal to 4.4 
mm, the major diameter d2 of the thread. The distance 
between the transition segment 4 and the tip of segment 
3 is about 1 3 mm. 

45 In FIG. 2 there is shown a modification of a screw 
according to the invention in which a milling segment 5 
having straight longitudinal lands and groves is inter- 
posed between the transition segment 4, which is con- 
structed as a shoulder, and the threaded segment 3. 

50 A further embodiment of the invention is shown in 
FIG. 3. There the transition segment 4 is formed with a 
shallow thread. This will ensure further advance of the 
screw into the bone, even before the rear cortical wall 

55 is reached. 

What is claimed is: 

■1. A bone screw having a head, a smooth shaft seg- 
ment having a diameter Di adjacent said head, a 
threaded segment and a transition segment between the 
^ smooth shaft segment and the threaded segment, said 
transition segment tapering from a diameter Di adjacent 
said smooth shaft segment to a lesser diameter D2 adja- 
cent said threaded segment, the ratio 

65 D\ - &2 

r>i 

being between 0.001 and 0.040. 
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2. The bone screw claimed in claim 1, wherein the 
ratio is between 0.010 and 0.030. 

3. The bone screw claimed in claim 1, wherein the 
transition segment has a self-cutting thread. 

4. The bone screw claimed in claim 1, wherein the 5 
transition segment narrows continuously from Di to Do. 

5. The bone screw claimed in claim 1, wherein the 
transition segment has a shallow thread. 

6. The bone screw claimed in claim 1 and comprising 1Q 
a milling segment between the threaded segment and 
the transition segment. 

7. The bone screw claimed in claim 1, wherein the 
threaded segment has a minor diameter dj and a major 
diameter d2, the ratio djAh being between about 0.80 15 
and 0.89. 



8. The bone screw claimed in claim 7, wherein the 
ratio is between about 0.83 and 0.86. 

9. The bone screw claimed in claim 1, wherein the 
threaded segment has an automatically expanding 
screw tip at its end remote from the transition segment. 

10. The bone screw claimed in claim 9, wherein the 
tip is a Trocar tip. 

11. The bone screw claimed in claim 1, wherein the 
transition segment is from about 11 to about 15 mm 
from the remote end of the threaded segment. 

12. The bone screw claimed in claim 11, wherein the 
transition segment is from about 12 to about 14 mm 
from the remote end of the threaded segment. 

13. The bone screw claimed in claim 1, wherein the 
tip of the threaded segment has a corkscrew shape. 
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[57] ABSTRACT 

A guided bone screw includes proximal and distal sec- 
tions threaded with different pitches in the same direc- 
tion and spaced by an unthreaded intermediate section 
having a shorter length than the distal section with a 
diameter substantially equal to the major diameter of 
the distal section. The intermediate section diameter is 
greater than the minor diameter and smaller than the 
major diameter of the proximal section thread. The 
threads of both the distal and proximal sections are 
self-tapping. A guide bore for a guide wire extends the 
entire length of the screw. Two drive recesses are dis- 
posed in the proximal screw end on opposite sides of the 
guide bore for engagement by a two-pin screwdriver. 
The unthreaded intermediate section radially fills the 
bone bore in which it is implanted to provide lateral 
stability for the bone screw. 

18 Claims, 1 Drawing Sheet 
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In accordance with the present invention a bone 
BONE SCREW screw has self-tapping proximal and distal threaded 

sections separated by an intermediate unthreaded sec- 
BACKGROUND OF THE INVENTION tion. The distal threaded section is longer than the inter- 

5 mediate section to provide additional gripping threads 
L Technical Field: Qn the screw diameter of the intermediate section 

The present invention relates to bone screws and, . $ subsUntially the ^me as the major diameter of the 
more particularly, to improvements in guided bone 6M thrcadcd scction t0 the intermediate sec- 

screws whereby safe insertion is facilitated and stability tjon tQ fi]1 thc scclion Qf the bonc ^ ovcr i appmg both 
is enhanced. 10 t ^ c near an( j rC mote bone fragments for improved lat- 

2. Discussion of the Prior Art: cra] sta bj]j ty< yhe intermediate section diameter is also 

A prior art bonc screw disclosed in U.S. Pat. No. i argcr than the minor diameter of the proximal threaded 
4,175,555 (Herbert) has like-handed thread at us distal [Q pcrmil thc interxnedia te section to fill the bore 

and proximal ends separated by an unthreaded lntcrme- sect i 0 n residing only in the proximal or near bone frag- 
diate section. To function as a compression screw the ^ ment for adc jj t j ona i lateral stability. The self-tapping 
proximal end thread pitch is less than the distal end threads at thc proximal and distal sections eliminate the 
thread pitch. Thus, when the screw is advanced in pre- nced fof a ^p^e bore-tapping step by the surgeon as 
tapped bores through two severed bone fragments pMt of the $crew implantation procedure, 
being joined, the large pitch distal end of the screw ^ bonc screw is caruul i ate d for use with a guide 
advances a greater distance in the remote bone frag- 2Q w j fC m a ^^own manner. Two recessed drive bores 
ment, per screw turn, than the distance advanced by the at the prox i ma | end 0 f the screw are adapted to receive 
proximal end of the screw in the near bone fragment. & two-pin drive device for easily controlled insertion of 
The result is a compression of the bone fragments at the t ^ e screWi The thread on both the distal and proximal 
fragment interface. enc j s is provided with a substantially flat radial surface 

The Herbert bone screw described above has certain 25 f acmg t he bone fragment interface to maximize the 
drawbacks that afTect its practical utilization. For exam- thread surface area through which the compressive 
pie, the diameter of the unthreaded intermediate section forces are applied to the bone fragments, 
is smaller than the major diameter of the threaded distal 

end and smaller than the minor diameter of the BRIEF DESCRIPTION OF THE DRAWINGS 
threaded proximal end. As a consequence, thc un- 30 These and other objects, features and many of the 
threaded intermediate section resides in a bore scction attendant advantages of the present invention will be 
that must be large enough to accommodate the minor ap preciated more readily as they become better under- 
diameter of the proximal end thread and, therefore, stood f rom a reading of the following description con- 
does not fill the bore. The result is a lateral instability sidered in connection with the accompanying drawings 
that sacrifices the integrity of the fragment interface 35 wherein like pans in each of the several figures are 
during the healing process. identified by the same reference characters, and 

The unthreaded intermediate section of the Herbert wherein: 
bone screw is also required to be axially longer than fig. i \$ s ide view in elevation of a bone screw con- 
each of the threaded end segments. The stated reason structed in accordance with the present invention; 
for this requirement is to assure that there is no thread at 43 FIG. 2 is a top view in plan of the bone screw of FIG. 
the fragment interface. While it is necessary to avoid \ ; 

thread at the fragment interface, the elongation of the FIG. 3 is a view in longitudinal section taking along 
intermediate screw section in the Herbert screw results ii nes 3—3 0 f FIG. 2; and 

in axially short threaded sections (i.e., fewer turns) and, FIG. 4 is a bottom view in plan of the bone screw of 
consequently, less available compressive forces at the 45 FIG. 1. 

"Addition, the unthreaded intermediate section of D ES C R I PT I O N^OF^THE^PREFERRED 

the Herbert bone screw is required to have a diameter 

that is smaller than both the major and minor diameters Referring to the drawings in greater detail, a bone 
of the proximal end thread. This adds to the lateral 50 screw 10 of the present invention includes a threaded 
instability described above. More specifically, the pre- longitudinal section 11 terminating at proximal end 20, 
tapped bore in the proximal bore section must be dia- a threaded longitudinal section 13 terminating at distal 
metrically wider than the smaller diameter intermediate end 30, and an unthreaded cylindrical intermediate 
section. As a result, the portion of thc intermediate section or shank 15 extending between the two threaded 
section residing in that bore does not fill the bore. 55 sections 11 and 13. A guide bore 17 is defined entirely 

through screw 10 along its central longitudinal axis 
OBJECTS AND SUMMARY OF THE between proximal end 20 and distal end 30. The proxi- 

INVENTION ma] end 20 has two generally cylindrical and similarly 

It is therefore an object of the present invention to configured recesses 21, 23 defined therein so as to ex- 
provide a bone screw in which the disadvantageous 60 tend a short longitudinal distance on diametrically op- 
features noted above are avoided. posite sides of guide bore 17. Recesses 21, 23 serve to 

It is another object of the present to provide 2 bone receive cylindrical pins of a dnve tool (not shown) that 
screw configured to remain laterally stable when im- may be rotated to drive the screw into a bore defined 
j ante(J through two bone fragments at a fracture site. The 

A further object of the present invention is to provide 65 diameter of recesses 21, 23 in the illustrated embodiment 
a bone screw that is capable of exerting increased com- is sufficiently large that the recesses extend radially 
pression forces, as compared to prior art bone screws, beyond thc fiat end surface 20 and into the initial 
without increasing the length or width of the screw. threads of proximal threaded section 11. 
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The threads of sections 11 and 13 are like-handed; the narrow bone bore. Then, with the use of an appro- 

that is, they extend in the same angular direction about priate two-pin driving tool engaging drive bores 21, 23, 

the screw. The pitch of the threaded distal end section the bone screw is driven into the bone bores. The self- 

13 is slightly greater than the pitch of the threaded tapping feature provided by flutes 31, 33 in sections 13, 

proximal end section 11. Accordingly, when the screw 5 11, respectively, causes appropriate threads to be 

is rotatably driven into a bone bore, the distal end sec- formed in the bone bores to engage the threaded screw 

tion 13 tends to advance a small amount further than the sections. As defined above, the self-tapping features of 

proximal end section 11 with each rotation of the screw. both threaded sections 11 and 13 avoids the need for the 

This creates tensional forces in the screw which, in turn, surgeon to employ a self-tapping procedure after the 

applies compression forces to the bone fragments in the 10 bone bores are drilled. 

direction toward the fragment interface. To more efTi- Bone screw 10 is preferably inserted into the fracture . 

ciently apply these forces, the threads of the two sec- site until the proximal end 20 is flush with or recessed 

tions 11 and 13 are asymmetrical about their crests with below the exposed surface of the near bone fragment, 

each thread having a respective surface 25, 27 extending thereby eliminating any protrusion of the screw from 

substantially radially (i.e., normal to the longitudinal 15 the bone that might otherwise interfere with normal use 

axis of the screw when viewed in any plane containing of the joint. When the screw is thusly inserted, interme- 

that axis) so as to face intermediate section 15. The diate section 15 extends between the two bone frag- 

radial surfaces 25, 27 efficiently and uniformly distrib- ments across the fragment interface. The forward end 

ute the compressive forces to the surrounding bone of the intermediate section extends slightly into the 

tissue in a direction parallel to the longitudinal dimcn- 20 distal or narrow bone bore as threaded by the self-tap- 

sion of the screw. The opposite respective surfaces 25, ping section 31 of the thread on distal section 13. The 

29 of the thread are relatively acute to the screw axis remainder of intermediate section 15 resides in the 

and face in opposite directions generally toward proxi- wider or proximal bone bore having substantially the 

mal end 20 and distal end 30, respectively, of the screw. same diameter as intermediate section 15. Accordingly, 

For reasons that are described in detail below, the 25 intermediate section 15 completely fills these bone bore 

various sections of screw 10 have important relative portions and thereby precludes lateral movement of the 

dimensions. First, the diameter of intermediate section screw, particularly at the bone fragment interface. 

15 is substantially the same as the major diameter (i.e., Threaded distal section 13 is axially longer than inter- 

the diameter of the crest) of the threads in distal mediate section 15, typically by fifteen to twenty-five 

threaded section 13. Second, the length of distal 30 percent. In the preferred embodiment of the invention, 

threaded section 13 is somewhat greater than the length threaded distal section 13 is between seventeen and 

of the shank or the intermediate section 15. Further, the eighteen percent longer than intermediate section 15. 

diameter of intermediate section 15 is greater than the Therefore, for a screw of given overall length, the bone 

minor diameter (i.e., the diameter at the root) of the screw 10 of the present invention provides more thread 

threads in proximal end section 11. 35 in distal section 13, and hence a greater surface area 27, 

In addition to the relative dimensions described than for a screw wherein the unthreaded intermediate 

above, the bone screw of the present invention is char- section is required to be longer than the distal threaded 

acterized by self-tapping threads on both the distal sec- section. 

tion 13 and the proximal end section 11. The self-tap- Although bone screw 10 can be fabricated from a 

ping feature eliminates the need for a separate tapping 40 variety of materials, the preferred material is titanium 

procedure as part of the screw implantation process. which has negligible susceptibility to corrosion and 

More specifically, the first few lengths of thread of exhibits excellent biocompatibility. 

distal section 13 are provided with a flute 31 configured In the preferred embodiment of bone screw 10, the 

to present a cutting edge that is radial to the screw. A facing thread surfaces 25, 27 that apply the compressive 

similar flute 33 is provided in the first few lengths of 45 forces to the bone fragments are disposed at an angle 5° 

thread in the proximal end section 11. or less to normal or radial from the screw axis. The 

The bone screw of the present invention is typically acute thread surfaces 28, 29 are typically at angles of 20* 

employed to repair fractures of small bones, such as and 25*, respectively, to normal. The pitch of the thread 

acute fractures of the volar (i.e., wrist) scaphoid bone. along distal section 13 is 0.047 inch, and along proximal 

In order to employ bone screw 10, it is first necessary to 50 section 11 is 0.043 inch. The thread at proximal section 

drill bores through the bone fragments. A narrow bone 11 has a major diameter of 0.157 inch and the minor 

bore, of diameter approximately equal to the minor diameter of 0.094 inch; the thread at distal section 13 has 

diameter of distal threaded section 13, is drilled through a major diameter of 0. 1 18 inch and a minor diameter of 

the near bone fragment, past the fragment interface, and 0.075 inch. The diameter of intermediate section 15 is 

into the far bone fragment to a depth at least long 55 0.118 inch. Bone screw 10 can be made in different 

enough to accommodate the entire length of threaded lengths to compress different size fractures for different 

distal section 13. A wider bone bore, disposed conccn- size bones. In one embodiment, wherein the bone screw 

trically with the narrow bore, is drilled through the is 0.630 inch in length, distal threaded section 13 is 0.245 

near bone fragment and a short distance past the frag- inch long, intermediate section 15 is 0.208 inch long, 

ment interface into the far bone fragment. The wide 60 and proximal threaded section 11 is 0.177 inch long. For 

bore has a diameter approximately equal to the diameter another embodiment having a total bone screw length 

of the intermediate section 15. The two bores may be of 1.181 inch, distal thread section 13 is 0.542 inch long, 

formed as a part of a single step using a stepped drill. A intermediate section 15 is 0.462 inch long, and proximal 

guide wire is inserted through the narrow and wide thread section 11 is 0.177 inch long, 
bone bores, either as part of the drilling process or 65 The dimensions set forth above are by way of exam- 

afterward. Screw 10 is inserted onto the guide wire via pie only for preferred embodiments of the present in- 
guide bore 17 to properly position distal end 30 of the vention. It is to be understood that the important as- 
screw at the base of wide bone bore and the entrance to pects of the present invention reside in the relative di- 
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mensions described herein. In particular, the diameter 
of intermediate section 15 is equal to the major diameter 
of the threads of distaJ section 13, greater than the 
minor diameter of the threads of proximal section 11, 
and less than the major diameter of the threads of proxi- 
mal section 11. In addition, distal threaded section 13 is 
longer than intermediate section 15. Another important 
feature of the bone screw of the present invention is the 
self-tapping nature of threaded sections 11 and 13. Fi- 
nally, a feature of the invention resides in the two-point 
drive arrangement wherein two recesses 21, 23 are dis- 
posed on opposite sides of guide bore 17 at proximal end 
20 in position to be engaged and rotatably driven by a 
screw driver having a corresponding two-pin drive tip. 

From the foregoing description, it will be appreciated 
that the present invention makes available a novel 
guided bone screw having improved lateral stability 
and greater thread surface for a given screw length. 

Having described a preferred embodiment of a new 
and improved bone screw in accordance with the pres- 
ent invention, it is believed that other modifications, 
variations and changes will be suggested to those skilled 
in the art in view of the teachings set forth herein. It is 
therefore to be understood that all such variations, mod- 
ifications and changes are believed to fall within the 25 
scope of the present invention as defined by the ap- 
pended claims. 

What is claimed is: 

1. A bone screw connecting two pieces of bone com- 
prising: 

a distal end; 
a proximal end; 

a generally cylindrical unthreaded intermediate sec- 
tion having a predetermined diameter; 

a threaded proximal section extending from said 
proximal end to said intermediate section and hav- 
ing a first uniformly-pitched thread; 

a threaded distal section extending from said distal 
end to said intermediate section and having a sec- 
ond uniformly-pitched thread that is threaded in 
the same direction as said first threads; 

wherein the pitch of said second thread is greater 
than the pitch of said first thread; and 

wherein said second thread has a major diameter 
substantially equal to said predetermined diameter. 45 

2. The bone screw according claim 1 wherein said 
first thread is self-tapping at its end adjacent said inter- 
mediate section, and wherein second thread is self- tap- 
ping at said distal end. 

3. The bone screw according to claim 1 wherein said 50 
first thread has a major diameter larger than said prede- 
termined diameter and a minor diameter smaller than 
said predetermined diameter. 

4. The bone screw according to claim 1 wherein said 
distal section is axially longer than said intermediate 55 
section. 

5. The bone screw according to claim 1 further com- 
prising a central longitudinal guide bore extending the 
entire Length of said bone screw between said distal and 
proximal ends, and wherein said proximal end has two 
longitudinal recesses defined therein on diametrically 
opposite sides of said guide bore for receiving respec- 
tive drive pins of a screwdriver. 

6. The bone screw according to claim 1 wherein said 
first and second thread each have a compressive force- 
applying surface facing said intermediate section and an 
opposite surface, said compressive force-applying sur- 
face defining a first angle within approximately 5° of 
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perpendicular to the length dimension of said screw, 
said opposite surface defining a significantly greater 
second angle with said length dimension. 

7. The bone screw according to claim 1 wherein said 
first thread is self-tapping at its end adjacent said inter- 
mediate section, and wherein said second thread is self- 
tapping at said distal end; and 

wherein said distal section is axially longer than said 
intermediate section. 

8. The bone screw according to claim 1 wherein said 
first thread has a major diameter larger than said prede- 
termined diameter and a minor diameter smaller than 
said predetermined diameter; and 

wherein said second thread has a major diameter 
substantially equal to said predetermined diameter. 

9. A bone screw for connecting two pieces of bone 
comprising; 

a distal end; 
a proximal end; 

a generally cylindrical unthreaded intermediate sec- 
tion having a predetermined diameter; 

a threaded proximal section extending from said 
proximal end to said intermediate section and hav- 
ing a first uniformly-pitched thread; 

a threaded distal section extending from said distal 
end to said intermediate section and having a sec- 
ond uniformly. pitched thread that is threaded in 
the same direction as said first thread; 

wherein the pitch of said second thread is greater 
than the pitch of said first thread; and 

wherein said threaded distal section is axially longer 
than said intermediate section. 

10. The bone screw according to claim 9 wherein said 
first thread is self- tapping at its end adjacent said inter- 
mediate section, and wherein said second thread is self- 
tapping at said distal end. 

11. The bone screw according to claim 9 wherein said 
first thread has a major diameter larger than said prede- 
termined diameter and a minor diameter smaller than 
said predetermined diameter. 

12. The bone screw according to claim 9 wherein said 
second thread has a major diameter substantially equal 
to said predetermined diameter. 

13. The bone screw according to claim 9 wherein said 
second thread has a major diameter substantially equal 
to said predetermined diameter; and 

wherein said first thread is self-tapping at its end 
adjacent said intermediate section, and said second 
thread is self-tapping at said distal end. 

14. The bone screw according to claim 9 further 
comprising a central longitudinal guide bore extending 
the entire length of said bone screw between said distal 
and proximal ends, and wherein said proximal end has 
two longitudinal recesses defined therein on diametri- 
cally opposite sides of said guide bore for receiving 
respective drive pin of a screwdriver. 

15. A bone screw for connecting two pieces of bone 
comprising: 

a distal end; 
a proximal end; 

a generally cylindrical unthreaded intermediate sec- 
tion having a predetermined diameter; 

a threaded proximal section extending from said 
proximal end to said intermediate section and hav- 
ing a first uniformly-pitched thread; 

a threaded distal section extending from said distal 
end to said intermediate section and having a sec- 
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ond uniformly-pitched thread that is threaded in 
the same direction as said first thread; 

wherein the pitch of said second thread is greater 
than the pitch of said first thread; 

wherein said first thread is self-tapping at its end 5 
adjacent said intermediate section and said second 
thread is self-tapping at said distal end; and 

wherein said first thread has a major diameter larger 
than said predetermined diameter and a minor di- 
ameter smaller than said predetermined diameter. 10 
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16. The bone screw according to claim 15 wherein 
said second thread has a major diameter substantially 
equal to predetermined diameter. 

17. The bone screw according to claim 15 wherein 
said distal section is axially longer than said intermedi- 
ate section. 

18. The bone screw according to claim 15 wherein 

the major diameter of said first thread is the largest 

lateral dimension of said bone screw. 

• * • * * 
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[57] ABSTRACT 

A longitudinal revascularization conduit is formed in the 
body of an implant. It is blind at the distal end of the body 
to be implanted in one bone fragment, such as the trochanter, 
and open via transverse orifices and at the proximal end of 
the body to be implanted in another bone fragment, such as 
the femoral head. At least one self-tapping section situated 
at the distal end of the body immobilizes the body in the 
bone, or an anchor end-piece is slidably mounted on the 
body and contains a damping device adapted to push the 
end- piece in the proximal direction and the body in the distal 
direction in order to maintain the fracture in compression. 
The distal end of the body may be mounted in a cylindrical 
portion of a plate secured on the diaphysis of the femur. 

12 Claims, 6 Drawing Sheets 
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UPPER FEMORAL EPIPHYSIS 
OSTEOSYNTHESIS IMPLANT 

BACKGROUND OF THE INVENTION 5 

1— Field of the Invention 

The present invention concerns an implant in particular 
for upper femoral epiphysis osteosynthesis to hold together 
bone fragments separated by a localized fracture in the neck i 0 
of the femur or under the head of the femur. 

2 — Description of the Prior An 
An osteosynthesis implant of this kind is in the form of an 

osteosynthesis metal plate, also known as a naU-plate or 
screw-plate, having a short upper branch and a long lower 15 
branch separated by an elbow. The plate mates substantially 
with the vertical profile of the external face of the femur 
between the upper epiphysis and the femoral diaphysis so 
that it can be fixed to this face. One or two long parallel 
self-tapping screws pass through the trochanter and the neck 20 
of the fractured femur and are screwed into the head of the 
femur. The usually countersunk head of this screw is buried 
in a countersink in the short upper branch of the plate 
applied to the external face of the epiphysis. Between three 
and eight shorter screws are screwed perpendicularly into 25 
the femoral diaphysis to hold the long lower branch of the 
plate against the external face of the diaphysis. 

The fixing of the long branch of the plate to the diaphysis 
holds immobile the short branch on which a long screw ^ 
bears in order to unite the femoral head fragment against the 
trochanter fragment. 

The long solid screws cause an imbalance in the intrac- 
ephalic pressure in the bone fragments at the center of the 
site of the necrosis where vascular irrigation has been 35 
eliminated as a result of the fracture. Further, the length of 
me plate and the large number of screws require a large 
operation field and a long operation. 

OBJECT OF THE INVENTION ^ 

The main object of this invention is to provide an implant 
of long screw type enabling revascularization of a frag- 
mented bone focus. 

SUMMARY OF THE INVENTION 45 

An implant far osteosynthesis of a fracture between a first 
bone fragment and a second bone fragment comprises an 
elongate rectilinear body having a self-tapping portion at a 
proximal end of the body to be implanted in the first bone 5Q 
fragment or at a distal end of the body to be implanted in the 
second bone fragment Transverse orifices are provided in 
the body through which there opens a longitudinal conduit 
having a blind distal end and an open proximal end. 

Although the implant of the invention can be used to join 55 
at least two bone fragments on either side of a fracture 
located in particular at the level of the bony epiphysis, it is 
intended in particular for osteosynthesis of an upper femoral 
epiphysis which is the location of a fracture at the level of 
the femoral neck or under the femoral epiphysis head. In this ^ 
latter case, the first bone fragment is part of the femoral head 
and the second bone fragment is part of the femoral tro- 
chanter. 

According to a first embodiment, the longitudinal revas- 
cularization conduit is obstructed by a plug located at the 65 
distal end of the implant body. This plug is intended for 
preventing any extravasation from the longitudinal conduit 
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to the external face of the epiphysis. The plug can be 
screwed in the distal end of the conduit; particularly, the 
distal end of the conduit comprises a screwthread into which 
a screwthreaded shank of the plug is screwed. 

For screwing the body into a bored hole in the bone 
fragments, the distal end of the conduit cornprises a coun- 
tcrbore opening to the exterior of the body and having a 
preferably polygonal cross-section to receive a complemen- 
tary cross-section end of a key for screwing the body into the 
previously bored hole in the first and second bone fragments. 

According to the first embodiment, the self -tapping por- 
tion is located at the distal end of the body whereby the body 
anchors in the second bone fragment, such as the trochanter. 
Preferably, the self-tapping portion comprises two 
screwthreaded sections having different screwthreads so as 
to immobilize in translation the body in the second bone 
fragment after bone forms around the body of the implant 
The difference in the screwthreads between the two 
screwthreaded sections may be a difference between their 
pitches and/or may be a difference between their diameters. 

According to an example of prefered errirxxhrneoL the 
self- tapping portion comprises a proximal screwthreaded 
section and a distal screwthreaded section having a pitch 
and/or a nominal diameter respectively greater than the pitch 
and/or the nominal diameter of the proximal screwthreaded 
section. 

According to a second embodiment, the self-tapping 
portion is located at the proximal end of the body to be 
installed in the first bone fragment, such as femoral head. 
This self-tapping portion, as also in the first embodiment, 
can comprise at its distal end at least one longitudinal notch 
for starting screwthread cutting. 

In the second embodiment, means are provided for com- 
pressing the fracture, i.e.. for pressing the bone fragments 
together to obtain an assembly of maximal solidity without 
using any form of seating, such as an osteosynthesis plate, 
on the external face of the diaphysis. To achieve this 
compression, at the distal end of the body is provided an 
end-piece slidably mounted on an intermediate portion of 
the body and containing a damping means adapted to push 
the end -piece in the proximal direction and the body in the 
distal direction. In this way. the self-tapping portion 
anchored in the first bone fragment such as the femoral head 
is drawn towards the fracture and therefore towards the 
second bone fragment, such as the trochanter, and the end 
anchored in the second bone fragment is pushed in the 
opposite direction, also towards the fracture. 

The damping means is preferably a coQ spring which can 
be covered with a synthetic plastic material thereby slowing 
its expansion after implantation. I lie coil spring is housed in 
the end -piece so that a proximal end of the coil is pressed 
against an internal shoulder in the end-piece, and a member 
linked to the distal end of the body is placed against the 
distal end of the cod. This member can be a screwthreaded 
plug which is screwed onto a screwthreaded section at the 
distal end of the body and which is housed in a conduit 
internal to the end-piece. 

More precisely, the end-piece can comprise an internal 
conduit including at least a proximal counterborc and an 
intermediate counterborc in the distal direction. The proxi- 
mal counterbore can have a polygonal cross-section to slide 
on a polygonal cross-section intermediate portion of the 
body that can be substantially situated at the distal end of the 
longitudinal conduit in the body. The intermediate counter- 
borc is preferably wider than the proximal counterbore to 
receive the damping means, such the above mentioned coil. 
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pressed against a shoulder between the proximal and inter- 
mediate counterbores. A member housed in the end-piece is 
linked to the distal end of the body to press the damping 
means against the shoulder. 

To screw together the body and the end-piece respectively 3 
into the first and second bone fragments, in particular into 
the femoral head and the femoral trochanter, the internal 
conduit in the end-piece includes a distal counterbore. that 
may be wider than the intermediate counterbore. having a 
preferably polygonal cross-section to receive a complemen- i o 
tary key for screwing the body and the end-piece respec- 
tively into the first and second bone fragments. 

In an analogous manner to the self -tapping portion located 
at the distal end of the body in the first embodiment, the 
periphery of the end-piece according to the second cmbodi- 1 5 
ment may comprise a first self -tapping section. The pitch of 
the first self-tapping section is preferably substantially equal 
to that of the proximal self-tapping section of the body 
thereby facilitating the screwing both the end-piece and the 
proximal self-tapping portion of the body. 20 

The periphery of the end-piece may comprise a second 
self-tapping section having a screwthread different from thai 
of the first self- tapping section, if provided, and/or different 
from that of the self-tapping portion at the proximal end of 
the body. Le,. having a pitch and/or a diameter different from 
the respective ones of said self -tapping portion. This feature 
prevents any unscrewing of the end-piece and movement of 
the end-piece in the distal direction. According to an 
example, the periphery of the end-piece comprises at its 
proximal end the first self-tapping section and at its distal 
end the second self-tapping section that has a pitch and/or a 
nominal diameter respectively greater than the pitch and the 
nominal diameter of the first self-tapping section. 

According to a third embodiment intended to consolidate 35 
sub-trochanter fractures, the implant further comprises a 
plate having an anchor portion adapted to be fixed against 
the diaphysis of the second bone fragment and a cylindrical 
portion through which the end-piece slides and against 
which a distal base of the end-piece is pressed. The cylin- ^ 
drical portion of the plate is oblique to die anchor portion of 
the plate whereby the body is held substantially perpendicu- 
lar to the fracture. 

The implant may comprise a means disposed between the 
distal base of the end-piece and the cylindrical portion of the 45 
plate for damping relative displacements between the end- 
piece and the plate. 

The damping means comprises a damper material washer 
that is preferably in contact with one or two metal washers. 

Preferably, a face of the plate to be applied to the 50 
diaphysis of the second bone fragment is transversely 
concave, and the cylindrical portion of the plate is truncated 
and has a base that is inclined to the axis of the cylindrical 
portion, transversely concave and longitudinally substan- 
tially convex. The plate mates thus the diaphysis face of the 55 
femur under the trochanter and distributes the progressive 
traction stress exerted on the end-piece and also hold axially 
the end-piece. 

BRIEF DESCRIPTION OF THE DRAWINGS M 
The foregoing and other objects, features and advantages 
of the invention will be apparent from the following detailed 
description of several embodiments of the invention with 
reference to the corresponding accompanying drawings, in 
which: 65 

FIG. I is a loogitudinal axial sectional view of a body of 
a first implant of the invention; 
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FIG. 2 is a longitudinal view of a plug of the body of the 
first implant; 

FIG. 3 is a diagrammatic sectional view in a median- 
lateral plane of a femur upper epiphysis in which a hole and 
two counterbores have been bored for implanting the first 

implant: 

FIG. 4 is a diagrammatic sectional view in a median- 
lateral plane of a femur upper epiphysis showing the screw- 
iug on of the first implant: 

FIG. 5 is a view analogous to FIG. 4 showing the insertion 
of the plug into die first implant; 

FIG. 6 is a longitudinal view of a body of a second 
implant of the invention; 

FIG. 7 is an exploded view in longitudinal axial section of 
the second implant: 

FIG. 8 is a diagrarnmatic sectional view in a median- 
lateral plane of a femur upper epiphysis showing the inser- 
tion of a spring and a plug into the body of the second 
implant already inserted into die epiphysis; 

FIG. 9 is a aUagrammatic sectional view in a median- 
lateral plane of a femur upper end in which two first implants 
and one second implant have been implanted; 

FIG. 10 is a diagrammatic sectional view in a median- 
lateral plane of a femur upper epiphysis in which a third 
implant of the invention with a diaphysis plate is implanted; 

FIG. 11 is a view of the diaphysis plate as seen in the 
direction of the arrow Fll in FIG. 10; and 

FIG. 12 is a view in axial section of an end-piece of the 
third implant. 

DESCRD y rTON OF THE PREFERRED 
EMBODIMENTS 

Ln the following description of various embodiments of 
osteosynthesis implants in accordance with the invention, 
the dimensions of the various parts constituting the implants 
are given by way of non-limiting example. The bodies, plugs 
and end -pieces of the Implants are made of metal for 
example a titanium alloy. 

hi a first embodiment shown in FIGS. 1 and 2 an 
osteosynthesis implant comprises a cylindrical elongate rec- 
tilinear body 1 and a cylindrical plug 2. 

The cylindrical elongate rectilinear body 1 comprises a 
proximal tubular vascularization portion 10 that is between 
65 mm and 105 mm long, depending on the anatomy of the 
patient, and a distal anchor portion 11 that is 28 mm long. An 
internal conduit 12 having a diameter of 3 ram, except far 
two wider counterbores 121 and 122 at its distal end, extends 
along all of the length of the elongate rectilinear body 1. 

The tubular portion 10 has an outside diameter of 5 mm 
at the time of machining the metal longitudinal rectilinear 
body and a final outside diameter of 5.4 mm to 5.5 mm 
following surface treatment This treatment consists in 
depositing a first layer of T40 porous titanium 0.2 mm to 0.3 
mm thick having a porosity lying between 20% and 40%. A 
layer of an osteogenic substance is then deposited on top of 
the first layer. This second layer is about 0.2 mm thick; it can 
be of a product that can comprise mother-of-pearl from 
moUusks or calcium carbonate CaC0 3 and lime, the calcium 
carbonate can be at least in part in the form of calcite and/or 
a smaller proportion of aragonite, and the lime can be 
quicklime CaO and/or hydrated lime Ca(OH) 2 . The second 
layer covering the body 1 is preferably deposited by thermal 
sputtering, using a plasma torch, of a powder compound 
comprising one of the following constituents: aragonite. 
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caicite. quick lime and hydrated lime. This second layer 
facilitates reossification of the regeneration nucleus around 
the body of the implant 

The proximal end of the body terminates in a frustoconi- 
cal portion 101, or by a taper, analogous to that at the end of 
a hypodermic needle, to facilitate penetration of the body 
into a hole in the bone. 

The tubular portion comprises a plurality of radial orifices 
13 having a diameter of 1.8 mm leading into the longitudinal 
internal conduit 12. These orifices are offset longitudinally 
and circumferentially along a helical path coaxial with the 
body and having a pitch of 18 mm. The radial orifices 13 are 
equally spaced along this helical path. In the embodiment 
illustrated in FIG. 1 there are three orifices 13 for each pitch 
of the helical path and they are equi-angularly distributed 
with an angular pitch of 120° and a longitudinal pitch 6 mm 
The radial orifices 13 which communicate with each other 
through the longitudinal internal conduit 12 and the proxi- 
mal end of the latter contribute to balancing the intracephalic 
pressure throughout the femoral head as far as the femoral 
trochanter after implantation of the body of the implant. 1 lie 
perforated tubular portion 10 constitutes a guide for revas- 
cularization by angionesis and. with the osteogeneuc sub- 
stance on the surface of the body, contributes to the growth 
of hard bone around the body 1 of the implant. 

Hie distal anchor portion 11 is made up of two longitu- 
dinally juxtaposed sections having different exterior self- 
tapping screwthreads 14 and 15. 

The first screwthreaded section 14 is located at the distal 
end of the tubular vascularization portion 10 including the 
orifices 13. in front of the second screwthreaded section 15. 
The first screwthreaded section has a nominal diameter of 8 
mm, a coarse triangular pitch, known as an ant i- recoil 
artillery pitch of 2 mm, and a screwthread root diameter of 
6 mm. 

The proximal end of the first screwthreaded section 14 
includes three equi-angularly distributed notches 16 at L20° 
to each other, like the three radial orifices 13 in one pitch of 
the helical path previously mentioned in connection with the 
tubular portion 10. The notches 16 have a bottom substan- 
tially flushing with the external surface of the tubular portion 
10. In a preferred embodiment, one of the walls of each 
notch is situated in a respective axial plane of the body 1 and 
the other wall of the notch is situated in the screwing 
direction of the screwthreads 14 and 15 at substantially 30° 
to 45° to the respective axial plane. The notches 16 arc for 
starting screwthread cutting in the bone when the anchor 
portion 11 is inserted into a previously bored 6.5 mm 
diameter hole, this diameter being significantly greater than 
the screwthread root diameter of 6 ram. which facilitates the 
cutting of a screwthread in the hole by the screwthreaded 
section 14. 

The second screwthreaded section 15 has a nominal 
diameter of 9 mm. an anti-recoil artillery pitch of 2.2 mm 
and a depth of about 2 ram The nominal diameter and the 
screwthread pitch of the second screwthreaded section 15 
are therefore respectively greater than the nominal diameter 
and the pitch of the first screwthreaded section 14. The 
difference in pitch between the first and second 
screwthreaded sections, which is equal to 0.2 mm. consti- 
tutes a means preventing an unscrewing of the body of the 
implant to prevent the body escaping from the epiphysis, 
after consolidation of the epiphysis bone around and in the 
threads of the anchor portion 11 of the body 1 screwed into 
the epiphysis bone. 

As already mentioned, the distal end of the internal 
conduit comprises two counterbores 121 and 122. 



The first counterbore 121 situated substantially at the 
transition between the first and second screwthreaded sec- 
tions 14 and 15 is screwthreaded with a nut inside diameter 
of 3.3 mm and a pitch of 0.7 mm. A screwthreaded intcr- 
5 mediate section 21 of the plug 2 screws into the first 
counterbore. 

The second counterbore 122 situated at the distal end of 
the body 1 and open towards the outside is in the form of a 
six-fiats socket that circumscribes in cross-section at least 
io the screwthreaded first counterbore 121. The fiats of the 
second counterbore 122 are 4 mm wide and 7 mm long. The 
second counterbore is adapted to receive the six-flats end of 
a special key. as shown in FIG. 4. 

Referring to FIG. 2. the plug 2 comprises a shank 20 
15 having a length exceeding the sum of the lengths of the first 
and second counterbores 121 and 122 in the body 1. The 
shank 20 is smooth with a distal diameter of 2.8 ram 
sign ificantly less than the diameter of the internal conduit 12 
of the body 1. except for an intermediate screwthreaded 
20 section 21. The intermediate screwthreaded section 21 is 
complementary to the first counterbore 121 so that it can be 
screwed into the latter. The distal end of the plug terminates 
in a flat head 22 with a diametral screwdriver slot 23. In a 
different embodiment the head of the plug is a countersunk 
25 head which is received into a countersink provided at the 
distal end of the body 1 of the first implant, i.e. at the distal 
end of the counterbore 122. 

The plug 2 therefore hermetically closes off the distal end 
of the conduit 12 inside the body 1 of the first implant and 
30 therefore prevents any extravasation. 

The first implant of the invention is implanted using the 
following four tools: 

a drill bit 2 mm in diameter and 200 mm long. i.e.. having 
a length greater than the body 1 of the implant which 
varies between about 93 mm and about 133 ram. 
depending on the anatomy of the patient, 
a first hollow cutting tool having an inside diameter equal 
to 2. 1 mm so that it is guided by the bit and an outside 
40 diameter of 5.5 mm in order to bore a hole having a 
diameter substantially equal to the outside diameter of 
the tubular portion 10 of the body 1 of the first implant; 
the hollow cutting tool is at least as long as the bit; 
a counterboring tool made up of: 
45 a first guide Gl having an outside diameter of 5.2 ram 
and a length of 28 rara to enter the hole drilled by the 
first hoLlow cutting tool; 
a first shape milling cutter Fl having an outside diam- 
eter of 6.5 mm and a length of 22 mm to bore a first 
50 counterbore to be self-tapped by the first 

screwthreaded section 14; and 
a second shape millin g tool F2 having an outside 
diameter of 7.5 mm and a length of 10 mm to bore 
a second counterbore to be self-tapped by the second 
55 screwthreaded section 15; and 

a first key Cl having one six-flats end complementary to 
the second counterbore 122 at the distal end of the body 
1 of the first implant, i.e.. having flats 4 ram wide and 
at least about 7 mm long. 
60 FIGS. 3. 4 and 5 diagramraatically illustrate various steps 
of machining in the upper epiphysis ES of a femur in order 
to implant the first implant 1 of the invention. The upper 
epiphysis of the femur has a necrosis resulting from a 
fracture FU at the level of the femoral head TE. 
65 The drill bit is first inserted into the upper epiphysis along 
an axis substantially perpendicular to the line of the fracture 
FR and extending from the base of the femoral trochanter 
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TR to the femoral head TE through the Deck CO and 
therefore through the focus of the fracture. The insertion of 
the drill bit into the bone is in progress under the monitoring 
of a X-rays source. The blind hole formed in this way has a 
diameter of 2 mm and a depth significantly greater than the 
length of the first implant with the plug 2 screwed fully into 
the body 1. 

The blind hole is widened into a 5.5 mm diameter hole Tl 
bored by means of the first cutting tool that fits around the 
first drill bit acting as a longitudinal guide. After this boring 
operation the first drill bit and the first cutting tool arc 
withdrawn from the epiphysis ES. 

The first and second counterbores arc then milled in the 
trochanter TR. as shown in FIG. 3. The first milling guide 
Gl is threaded into the hole Tl that has just been bored in 
order to guide the two milling cutters. A stop ring B A with 
locking screw on the guide Gl limits the depth of the bores 
for the counterbores. The first shape milling cutter PI 
widens the holcTl in the first counterbore CHI to a diameter 
of 6.5 mm, i.e.. a diameter significantly greater than the 
screwthread root diameter of the first screwthreaded section 
14 of the anchor portion 11. The length of the counterbore 
CHI is substantially greater than the length of the section 14. 
The second shape milling cutter F2 then widens the coun- 
terbore CHI to form the second counterbore of 7.5 mm 
diameter, i.e.. a diameter significantly greater than the 
screwthread root diameter of the second screwthreaded 
section 15 of the anchor portion 11. The length of the second 
counterbore CH2 which opens onto the external face of the 
trochanter is substantially equal to the length of the second 
screwthreaded section 15 at the distal end of the implant 
body 1. 

After removing the counterboring tool, the implant body 

1 is placed in the femoral upper epiphysis ES. as shown in 
FIG. 4. The tubular portion 10 is driven into the long blind 
holeTl using an impactor until the notched proximal end 16 
of the first screwthreaded section 14 of the anchor portion 11 
is flush with the external face of the trochanter. The six-flats 
end of the key CI is inserted into the six-flats counterbore 
122 of the implant body 1. Pressure is applied to the key CI 
to engage the distal end of the first screwthreaded section 14 
into the shoulder between the two counterbores CHI and 
CH2 formed in the trochanter. The key CI is then used as a 
screwdriver in order to screw the implant body 1 into the 
bone until the first and second screwthreaded sea ions 14 
and 15 of the implant body 1 are entirely housed within the 
respective counterbores CHI and CH2 made in the bone. As 
this screwing proceeds the screwthreaded sections 14 and 15 
cut themselves a screwthread in the counterbores CHI and 
CH2. 

In this way the implant is finally implanted into the 
femoral upper epiphysis ES. Because of the difference in the 
pitches and because of the difference in the diameters of the 
screwthreaded sections 14 and 15. the body 1 cannot become 
unscrewed and move in the distal direction towards the 
external face of the epiphysis after bone forms around the 
body. The orifices 13 and the internal conduit 12 commu- 
nicate on either side of the fracture FR, in the neck CO and 
the head TE and bring about revascularization, i.e.. irriga- 
tion between bone fragments eliminated by the fracture. 

The key CI is withdrawn. As shown in FIG. 5. the plug 

2 is finally screwed into the screwthreaded counterbore 12 1 
of the body 1 until the head 23 presses against the distal end 
face of the body and so blocks off the distal end of the 
internal conduit 12 of the implant body 1 which thereby 
becomes a blind bored conduit open only at the proximal 
end. 
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Referring now to FIGS. 6 and 7. a second osteosynthesis 
implant comprises an elongate rectilinear body 3 of gener- 
ally cylindrical shape, like a stud bolt, a cylindrical distal 
end-piece with a double external screwthread 4, a helical 
spring 5 and a screwthreaded hollow plug 6. 

The elongate rectilinear body 3 comprises from its proxi- 
mal end towards its distal end. a proximal self -tapping 
screwthreaded tubular portion 30, a perforated smooth tubu- 
lar portion 31. a hexagonal cross-section operating portion 

32 and finally a screwthreaded distal portion 33. 

A blind internal revascularization conduit 34 with a 
proximal mouth 3 mm in diameter is provided in the 
proximal portion 30 and the smooth portion 31. As in the 
first embodiment, plural radial orifices 341 1.8 mm in 
diameter are formed in the smooth tubular portion 31. These 
orifices are disposed along a helical path coaxial with the 
body 3 and regularly distributed in the longitudinal direction 
with an angular pitch of 120°. The orifices 341 communicate 
with each other via the longitudinal internal conduit 34 and 
with the mouth at the proximal end of the internal conduit, 
the latter being blind at the distal end at the level of the 
operating portion 32. as shown in FIG. 7. 

As in the body of the first implant, the smooth tubular 
portion 31 has an outside diameter of 5.4 mm to 5.5 mm after 
thermal deposition on the surface of a porous titanium first 
layer and a second layer of a mother-of-pearl product or of 
a product including calcium carbonate in the form of calcite 
and/or aragonite and quick lime and/or hydrated lime. The 
smooth tubular portion 31 is made in different sizes between 
20 mm and 60 mm in order to suit the anatomy of the patient 

The proximal portion 30 of the body 3 of the second 
implant designed to be implanted in the femoral head TE has 
an external screwthread over a length of 15 mm with a 
nominal diameter of 8 mm and a screwthread root diameter 
of 6 mm This screwthread has a pitch of 3 mm with a 
particular self-tapping profile known as a spongy or soft 
bone screwthread profile. The self-tapping portion 30 has a 
proximal end 301 of frustoconical shape including two 
diametraily opposite notches 302 extending longitudinally 
as far as the start of the self-tapping screwthread. The 
notches 302 can be similar to the notches 16. The frusto- 
eonical cud 301 with the notches 302 starts the cutting of a 
self- tapping screwthread in the bone. 

The operating portion 32 and the saewthreaded portion 

33 at the distal end of the body 3 are respectively 25 mm and 
10 mm long. 

As shown in FIG. 7. the distal end-piece 4 comprises an 
internal conduit made up of first, second and third sections 
having progressively larger cross-sections from the proxi- 
mal end towards the distal end of the end-piece. 

The first section 40 constitutes the proximal section of the 
internal conduit in the end-piece 4 and has a six-flats 
cross-section complementary to the hexagonal cross- section 
of the operating section 32 of the body 3. However, the 10 
mm length of the end-piece section 40 is less than the 25 mm 
length of the hexagonal cross-section portion 32 of the body 
3. The body portion 32 can therefore slide in the end-piece 
section 40 in the axial direction when the end-piece 4 is 
being fixed into the femoral trochanter TR to pull in the 
distal direction the body 3 anchored in the femoral head TE 
by the proximal self-tapping portion 30. as explained below. 
The polygonal cross -section sliding coupling between the 
portion 32 and the section 40 also enables screwing of the 
proximal self- tapping portion 30 of the body 3 together with 
screwthreaded portions on the periphery of the end-piece 4. 
as explained below. 

The section 41 in the end-piece 4 is a smooth cylindrical 
section situated between the proximal and distal sections 40 
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and 42. It is 12 mm long. The 6.5 mm diameter of the smooth 
section 41 is greater thnn the greatest width of the hexagonal 
cross-section of the proximal section 40 but less than the 
greatest width of the hexagonal cross-section of the distal 
section 42 of the end-piece. The helical spring 5. the length 
of which when unstressed is 12 mm and at least pan of the 
plug 6. which have respective outside diameters of 6.3 mm 
and 6.4 mm. arc completely housed within the intermediate 
end-piece section 41. The proximal end 51 of the spring 5 is 
pressed against an internal shoulder 43 between the sections 
40 and 41 by the thrust exerted by the plug 6 pressed against 
the distal end 52 of the spring 5. The body portion 32 can 
pass through the spring 5 if necessary. 

The turns of the spring 5 are covered with a synthetic 
plastic material, such as polyurethane. to form a sheath 53 
around the turns which slows the expansion of the spring 
after it is compressed between the shoulder 43 and the plug 
6. The synthetic plastic material sheath 53 around the turns 
of the spring also contributes to attenuation of micro- 
displacements and vibrations to which the second implant 
may be subjected after implantation. 

The third section 42 of the end-piece 4 has a hexagonal 
cross-section and is located at its distal end. It has flats 4 ram 
wide and 8 mm long in order to receive the six -flats end of 
the previously mentioned key CI. When the proximal sec- 
tion 40 of the end-piece 4 is threaded over the operating 
portion 32 of the body 3, the distal screwthreaded portion 33 
of the body passes freely through the other two sections 41 
and 42 of the internal conduit in the end-piece 4. To push the 
spring 5 into its housing 41. the plug 6 is screwed onto the 
distal saewthreaded body portion 33 which has a nominal 
diameter of 4 mm and a fine pitch of 0.6 mm 

As also shown in FIG. 7. the periphery of the end-piece 
4 has a first screwthreaded anchor section 44 at its proximal 
end and a second saewthreaded anchor section 45 at its 
distal end, in a similar way to the first and second 
screwthreaded sections 14 and 15 constituting the anchor 
portion 11 of the body 1 of the first implant. 

The first screwthreaded section 44 has a nominal diameter 
of 11 mm, a screwthread root diameter of 9 mm and an 
anti-recoil artillery pitch of 3 mm identical to the pitch of the 
proximal body portion 30. and extends over a length of 20 
mm, as far as the smooth cylindrical section 41 of the 
internal conduit. The proximal end of the first self-tapping 
section 44 includes three distributed notches 46 that are 
equally spaced in the axial direction with an angular spacing 
of 120° to start the cutting of a screwthread by means of the 
first section 44, in a similar manner to the notches 16 at the 
proximal end of the anchor portion 11 of the body 1 of the 
first implant. 

The second screwthreaded section 45 has an outside 
diameter of 13 ram and an anti-recoil artillery pitch of 3.2 
mm and extends over a length of 10 mm The proximal end 
of the section 45 also includes three notches 47 eq tri- 
angularly distributed at 120° to start the cutting of a 
screwthread by means of the second section 45. The notches 
47 can be offset in the radial direction relative to the notches 
46, for example by about 60°. 

The difference in pitch, 3.2-3=0.2 mm. between the two 
screwthreaded sections 44 and 45 prevents unscrewing of 60 
the end-piece 4. 

The screwthreaded plug 6 has a length that is less than the 
sum of the lengths of the smooth intermediate section 41 and 
the hexagonal cross-section section 42 inside the end-piece, 
and that is less than the length of the distal screwthreaded 
portion 33 of the body 3 so that the plug 6 is guided in the 
smooth section 41 and can be moved a few millimeters in the 



axial direction inside the end-piece 4 by the compressed 
spring 5. The 6.4 mm outside diameter plug 6 has a slot 61 
at its distal end by means of which its screwthreaded bore 62 
is screwed onto the distal screwthreaded portion 33 of the 
body 3 so that its proximal face 63 pushes the spring 5 
against the shoulder 43 of the proximal section 40 and the 
smooth intermediate section 41 inside the end-piece. The 
plug 6 therefore has two functions, to close the internal 
conduit in the end-piece at the distal end and to compress the 
damper spring 5. 

The second implant is implanted using the following 
tools: 

the 2 mm diameter first drill bit. having a length greater 
than that of the body 3 of the second implant, which can 
vary between 70 mm and 110 mm depending on the 
anatomy of the patient; 
a second hollow cutting tool having an inside diameter 
equal to 2. 1 mm so that it can be guided by the first drill 
bit and an outside diameter of 6 ram in order to bore a 
hole having a diameter substantially equal to the small- 
est screwthread root diameter of the threads on the 
second implant, which in this example is that of the 
proximal screwthreaded portion 30 of the body 3; the 
second hollow cutting tool is at least as long as the first 
drill bit; 

a second counterboring tool comprising: 
a second guide having an outside diameter of 5.7 mm 
and a length of 28 mm to enter the hole bored by the 
second hoLlow cutting tool; 
a third shape milling tool having an outside diameter of 
9.5 mm and a length of 22 mm to bore a first 
counterbore to be self-tapped by the proximal end- 
piece section 44; and 
a fourth shape nulling tool having an outside diameter 
of 11 nun and a length of 10 ram to bore a second 
counterbore to be self -tapped by the distal end-piece 
section 45; 

the first special key CI having a six-flats end comple- 
mentary to the distal counterbore 42 of the end-piece, 
i.e.. having flats 4 mm wide and a length of at least 8 

mm; 

a second special key having a cylindrical end hole with a 
blind screwthread. which is similar to the plug 6, to be 
screwed onto the distal screwthreaded portion 33 of the 
body 3 and enters the internal end-piece sections 41 and 
42 so as to pulJ the body 3. and especially the femoral 
head TE into which the proximal portion 30 is screwed, 
in the direction of the trochanter TR; 
tweezers for fitting the spring 5; and 
a screwdriver for screwing the plug 6 onto the 
screwtiircaded body section 33 to compress the spring 
5. 

In reference to FIG. 8, the various stages of boring into the 
upper epiphysis ES of the femur to implant the second 
55 implant of the invention are shown. They are substantially 
the same as those shown in FIGS. 3 through 5. The second 
implant is more particularly suited to fractures FR2 of the 
neck of the femur sub-capital, trans-cervical or even 
basicervical. with varying Powlcs angle. 

As with the first implant, the first drill bit is introduced 
into the upper epiphysis ES of the femur, through the 
trochanter TR. then the neck CO of the femur and finally part 
of the femoral head TE in order to form a blind hole 
substantially perpendicular to the fracture FR2. The depth 
and the direction of this hole are monitored by X-rays so that 
the length bored in this way is at least equal to the overall 
length of the second implant. 
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The second hollow cutting tool is then threaded over the 
drill bit as far as the end of the latter to increase the diameter 
of the Wind hole to 6 ram which is substantially equal to the 
screwthread root diameter of the proximal self-tapping por- 
tion 30 of the body 3 of the second implant. The second 5 
hollow cutting tool and the first drill bit are then withdrawn 
from the epiphysis ES. 

T\vo counterbores are then formed using the second 
counterboring tool The second milling cutter guide is 
inserted into the 6 mm bone hole drilled previously and 10 
provides a guide for the third and fourth shape milling 
cutters. The third shape milling cutter bores a first counter- 
bore 9.5 mm in diameter to a substantially greater depth 
equal to the length of the proximal self-tapping section 44 of 
the end-piece, whilst the fourth shape milling cutter bores a 13 
second, wider counterbore with a diameter of 11 mm to a 
depth substantially greater than the length of the distal 
self-tapping section 45 of the end-piece. The depth of the 
counterbores arc determined by a stop ring similar to the ring 
BA which abuts against the external face of the trochanter 2G 
when the counterbore is completed. The two milling cutter 
diameters of 9.5 mm and 11 mm arc respectively substan- 
tially equal to the screwthread root diameters of the proxi- 
mal and distal self-tapping sections 44 and 45 of the end- 
piece. 25 

When the counterboring tools have been withdrawn, the 
body 3 of the second implant with the end-piece 4 threaded 
over the hexagonal cross-section portion 32 is placed in the 
two-counterbores blind hole in the bone formed in this way 
through the fracture FR2 in the upper femoral epiphysis ES 30 
as shown in FIG. 8. The proximal notches 302 and the 
proximal self-tapping portion 30 of the body 3 bite into the 
bone and cut a screwthread in the bone from the internal 
shoulder between the 6 ram diameter long hole and the 9.5 
ram diameter first counterbore. The proximal self-tapping 35 
portion 30 continues to move forward into the blind hole in 
the bone. Just before reaching the bottom of this hole, a first 
axial pressure is applied so that the proximal screwthreaded 
section 44 of the end-piece cuts a screwthread in the first 
counterbore. this section 44 having the same pitch as the 40 
body portion 30. A second substantially higher pressure is 
then applied so that the distal screwthreaded section 45 of 
the end-piece cuts a screwthread with a greater pilch in the 
second counterbore. The screwthread cutting operations arc 
effected using the hexagonal-end key CI which cooperates 45 
with the internal distal section 42 of the end-piece, die 
proximal internal section 40 of which is engaged around the 
hexagonal cross-section portion 32 of the body 3. 

With the self-tapping body portion 30 installed at the 
bottom of the hole in the femoral head TE and the end-piece 50 
4 immobilized in the trochanter TR in this way. the second 
key is screwed onto the distal body portion 33. Traction is 
applied in the distal direction, longitudinally of the body of 
the second implant, by means of the second key so as to pull 
the femoral head TE fragment against the trochanter TR and 55 
thus close up the fracture. 

After withdrawal of the second key the spring 5 is picked 
up with the tweezers and inserted into the smooth interme- 
diate section 41 inside the end-piece, bearing on the shoulder 
43. 60 

The plug 6 is screwed by means of a screwdriver onto the 
distal body portion 33 of the body 3 so that it compresses the 
spring 5. The spring 5 therefore constitutes damper means 
adapted to push the end-piece 4 in the proximal direction and 
the body 3 in the distal direction, and procures compression 65 
at the fracture FR2. i.e.. permanent and progressive traction 
of the femoral head TE in which the body 3 is anchored by 



the self-tapping portion 30 against the trochanter TR in 
which the end-piece 4 is anchored by the self -tapping 
sections 44 and 45. unscrewing being impossible. This 
compression stabilizes the fracture to favor faster consoli- 
dation of the fracture. 

Pseudo- arthrosis of a sub-capital transcervical fracture of 
the neck of the femur, even with an oblique Powles angle, 
can be treated using the second implant of the invention. 
Because the latent expansion of the spring 51 pushes the 
end-piece in the proximal direction and the body 3 in the 
distal direction, the second implant procures dynamic com- 
pression of the focus of the pseudo-arthrosis. 

This compression can be complemented by using at least 
one first implant of the invention. Referring to FIG. 9, two 
first implants lj and 1 2 are disposed above and under the 
previous second implant 3 substantially in the same plane, as 
perpendicular as possible to the plane PS of the pseudo- 
arthrosis. 

The pseudo-arthrosis can be treated without using pedicu- 
lar grafting and without ostetomy because of the dynamic 
compression of the pseudo-arthrosis associated with the 
bone generating features of the implants, the angiogenic 
capability of the tubular portions 13 and 31 and the osteo- 
genic covering on their external surfaces. 

With this type of indication, a triangular arrangement 
enables immediate post-surgery load bearing. This arrange- 
ment is achieved by fitting a second implant of the invention 
to procure axial dynamic compression in the femoral neck 
CO associated with two first implants of the invention, one 
of which is oblique from bottom to top and the other of 
which is substantially horizontal and extends from front to 
rear. 

A third osteosynthesis implant of the invention is shown 
in FIGS. 10. 11 and 12 and comprises an elongate rectilinear 
body 3a of generally stud bolt-like cylindrical shape, a 
cylindrical distal end- piece 7 with a base and an external 
screwthread. containing a helical spring 5a and a 
screwthreaded hollow plug 6a. and a diaphysis plate 8. 

The longitudinal rectilinear body 3a is similar to the 
elongate rectilinear body 3 of the second implant shown in 
FIGS. 6 and 7. but is longer than the latter so that its 
screwthreaded distal portion 33a projects from the external 
face of the epiphysis. Thus the body 3a comprises from its 
proximal end towards its distal end. a proximal self-tapping 
screwthreaded tubular portion 30a. a perforated smooth 
tubular portion 31a. a hexagonal cross-section operating 
portion 32a and finally a screwthreaded distal portion 33a. 
A blind interna] revascularization conduit with a proximal 
mouth and plural radial orifices 341a in the smooth tubular 
portion 31a. as in the first and second implants of the 
invention, is formed in the proximal portion 30a and the 
smooth portion 31a. 

As in the body of the first implant, the smooth tubular 
portion 31a has an outside diameter of 5.4 mm to 5.5 mm 
after thermal deposition. 

As shown in PIG. 12, the distal end-piece 7 comprises an 
internal conduit made up of first, second, third and fourth 
sections 70 through 73 having progressively larger trans- 
verse cross-sections from the proximal end towards the 
distal end of the end-piece. 

The first section 70 is the longest and constitutes the 
proximal section of the internal conduit in the end-piece 4. 
The section 70 is cylindrical with a circular cross-section 
substantially larger than the greatest width of the hexagonal 
cross-section of the operating portion 32a of the body 3a. 

The second section 71 has a six-flats cross-section 
complementary to the hexagonal cross-section of the oper- 
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ating portioD 32a of the body 3a and extends over a length The guide and bearing portion 81 is a truncated cylindri- 

less than the length of the operating portion 32a of the body cal shank oblique to the longitudinal axis of the anchor 

da so that the body portion 32a can slide axially in the portion 80. The axis of the shank 81 towards the trochanter 

end-piece section 71 when the end-piece 7 is fixed into the TR is at an angle A of about 120° to 140° to the anchor 

femoral trochanter TR to pull the body 3a anchored into the 5 P 0 ^ 00 *>. The proximal inclined base 85 of the shank 81 is 

femoral head TE by the proximal self-tapping portion 34* in also transversely concave, extending the diaphysis face 84, 

the distal direction As hi the second infant the polygonal h« a convex longitudinal end 86 fee subsUnbaily 

. v. T. " _ TT . . 6 follows the concave curved profile in a median-lateral plane 

cross-section sliding coupling between the body portion 32* ^femoral epiphysis, /the base o^ocZm 

and the section 71 abo enables screwing of the proximal cylindrical s ^ n £ 81 has a spot facing 88 of an axial 

self-tapping portion 30a of the body 3a together with a w smoo ' ^ 89 fa ^ ^ of a ^ bas | ^ ^cu- 

saewthreaded portion on the periphery of the end-piece 7. {u tQ thc shank axis Thc spQt facing gg md me ^ 89 

in the bone. receive the thin base 75 and the distal cylindrical section 76 

The sections 71. 72 and 73 w^^^^^ similar of ^ cnd iece 7 . respectively, which slide in them. The 

functions to those of the secuons 40. 41 and 42 in the ^ ^ ^ ^ ^ ^ ^ rf me ^ g9 . fi mc 

'\Sion72 isa smooth cylindrical section between the 15 ^junos bcrween the bases 87 and 85 of the shank 

sections 71 and 73. The diameter of the smooth section 72 81 ^situated a. the same end as die anchor portion 80. is 

is greater than the greatest width of the hexagonal cross- substantially greater than the axial length of the base 75 and 

section of the section 71 in the end-piece but substantially ° f . th . c section 76 so that the latter are completely housed 

equal to the smallest width of the hexagonal cross-section of within the shank 8 1 . 

the distal section 73. All of the helical spring 5a and at least In the spot facing 88 there are provided means 9 for 

part of the plug 6a are housed in the intermediate end-piece damping micro- displacement between thc end-piece 7 

section 72. The proximal end of the spring Sa is pressed anchored under thc trochanter TR and the diaphysis plate 8. 

against an internal shoulder between thc sections 71 and 72 The damping means 9 attenuates any lever effect between 

by the thrust exerted by the plug 6a applied against the distal the plate 8 and the combination of the body 3a and end-piece 

end of thc spring Sa. lYic spring Sa is preferably coated with 7 due to micros lipping of bone fragments at the focus of the 

a plastics material like the spring 5. 25 fracture FR3. The damping means 9 comprises at least one 

The third section 73 of the end-piece 7 has a hexagonal washer 90 made from a damping material, such as an 

cross-section and is located at the distal end of the end-piece elastomer or polyurethane or silicone rubber, threaded over 

to receive the six-flats end of the previously mentioned key the smoQth sect ion 76 ^ ^ cmbod^m snown in FIG. 10 

CI. When the section 71 of the end-piece 1 is threaded over thc washcr 90 is sandwiched between two metal washers 91 

the operating section 32a of the body 3a. the distal and 92 that are preferably bonded by heat to the washer 90; 

s^wtoreaded section 33a of the body 3a passes freely of washers 90. 91 and 92 is threaded over the 

through the two internal conduit sections 72 and 73 01 the . - . , . . . . . , 

wd-pfcec. Topush thc spring So into its housing 72. thc plug f e <* 0D 7 « a f nd da "f* 0 "£° D f £ 

6a i5 screwed onto the dis&l screwthreaded body potion « *e»P« facing 88. between the distal thin base 75 of the 

end-piece 7 and the bottom of the spot facing 88. In a 

The screwthreaded plug 6a is similar to the plug 6 and can 35 Afferent embodiment, thc washer assembly includes only a 

be moved a few millimeters in the axial direction in the damping materia! washer 90 and a single metal washer 91 or 

end-piece 7 by the compressed spring Sa, being guided in 92. 

the smooth sectioo 72. The plug 6a has a slot 61a at its distal The third implant is preferentially used for sub-trochanter 

end so that it can be screwed around the distal screwthreaded fractures FR3. It is implanted in the following manna, 

portion 33a of the body 3a to compress the spring 5a The femoral plate 8 is fixed to the diaphysis face of the 

between the proximal face of the spring Sa and the shoulder 40 femur, locating the guide and bearing portion 81 on the 

between the proximal section 72 and the smooth interme- sub-trochanter bend. The three anchor screws 83 are 

diate section 71 inside the end-piece 7. screwed into the femur through the plate holes 82. if 

As also shown in FIG. 12. the periphery of the end-piece necessary into pilot holes previously bored in the femur, up 

7 has a long proximal self-tapping screwthreaded anchor to clamp the pbie 8 against thc femoral diaphysis. 

section 74 extending three-quarters the length of the end- *5 a cylindrical guide having an inside diameter substan- 

piece and similar to the second screwthreaded section 45 and tially equal to that of a drill bit is slid into the bore 89. 

consequently having a diameter and/or a pitch different from The drill bit. longer than the body 3a. is introduced into 

those of thc anchor portion 30a of the body 3a. The the upper e pi phys is ES of the femur, for example by rotating 

screwthreaded anchor section 74 has a surface treatment it by hand, through the aforementioned cylindrical guide, the 

similar to that of the body 1. 50 trochanter TR. thc fracture FR3. the Deck CO of the femur 

The end-piece 7 also has at the periphery a distal thin and finally part of the femoral head TE to form a blind hole 

circular base 75 and a smooth cylindrical section 76 situated substantially perpendicular to the fracture FR3. The depth 

between the base and the anchor section 74. The diameter of and the direction of this hole are monitored by X-rays so that 

the smooth section 76 is greater than the outer diameter of the length bored in this phase is substantially equal to thc 

the anchor section 74. The base 75 and the section 76. which 55 length of the portions 30a. 31a and 32a of thc body 3a. 

ore not included in the second implant, cooperate with the After removing thc previously mentioned cylindrical 

diaphysis plate 8. guide, a hollow cutting tool is then threaded over the first 

The diaphysis plate 8 comprises, in thc lower part, an drill bit as far as the end of the latter to enlarge the blind hole 

elongate rectilinear lower anchor portion 80 to be implanted to a diameter that is substantially equal to the screwthread 

along an external face of Ihe diaphysis of the femur and. in root diameter of the proximal self-tapping portion 30a of the 

the upper part, an upper guide bearing portion 81. 60 body 3a of the third implant. The above mentioned drill bit 

Three holes 82 are formed in the anchor portion 80. The and the second cutting tool are then withdrawn from the 

holes 42 extend substantially perpendicular to the faces of epiphysis ES. 

the portion 80 and are longitudinally aligned on the latter to A cylindrical milling guide is inserted into the long hole 

receive anchor screws 83 with clearance. just bored in the bone, and guides a shape rnilling cutter to 

As seen in FIG. 11, the diaphysis face 84 of the anchor 65 bore a counlerbore having a diameter equal to the 

portion has a concave cross-section to mate with the convex screwthread root diameter of thc self-tapping section 74 of 

cross-section of the femoral diaphysis. the end-piece, to a depth substantially equal to the length of 
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the section 74. The depth of the counterbore is determined 
by a stop ring, similar to the ring BA (FIG. 3). which abuts 
against the external base 87 of the plate shank 81 when the 
end of the counterbore is reached This counterbore may not 
be necessary if the diameter of the end-piece section 74 is 
substantially equal to that of the body portion 30a. 

When the countexboring tools have been withdrawn, the 
body 3o of the third implant with the end-piece 7 threaded 
over the hexagonal cross-section portion 32a and with the 
assembly of washers 90, 91 and 92 threaded over the smooth 
end-piece section 76 is placed in the count erbored blind hole 
in the bone formed in this way through the fracture FR3 in 
the femoral upper epiphysis ES, as shown in FIG. 10. 
Proximal notches 302a and the self-tapping screwthread of 
the proximal portion 30a of the body 3a bite into the bone 
and cut a screwthread into the bone from the bottom of the 
counterbore. A proximal self -tapping portion 30a continues 
to move forward into the blind hole in the bone. Just before 
the portion 30a reaches the bottom of this hole, a first axial 
pressure is applied so that proximal notches 77 and the 
screwthread of the self-tapping section 74 of the end-piece 
7 bite into and cut a screwthread into the counterbore in the 
bone. The section 74 can have the same screwthread pitch as 
the body portion 30a or preferably a larger pitch. The 
screwthread cutting operations are carried out using the 
hexagonal end key CI which cooperates with the internal 
distal section 73 of the end-piece 7 the internal hexagonal 
cross- section portion 71 of which is engaged around the 
hexagonal cross-section portion 32a of the body 3a. 

With the self -tapping body section 30a installed at the 
bottom of the hole in the bone in the femoral head TC and 
the end-piece 7 immobilized in the trochanter TR by the 
screwthreaded section 74 in this way. a second special key. 
similar to the blind screwthread key already used for the 
second implant, is screwed onto the distal body portion 33a. 
Traction is applied by means of the second key in the distal 
direction, longitudinally of the body 3a. to pull the femoral 
head TE fragment against the trochanter TR and thus to 
close up the fracture FR3. 

After withdrawal of the second key. the spring 5a is 
picked up with the tweezers and inserted into the smooth 
section 72 inside the end-piece, bearing against the shoulder 
between the sections 72 and 71. 

The plug 6a is screwed by means of a screwdriver onto 
the distal body portion 33a of the body 3a to compress the 
spring 5a. This compression procures permanent and pro- 
gressive traction of the femoral head TE in which the body 
3a is anchored by the self-tapping portion 30a against the 
trochanter TR in which the end-piece 7 is anchored by the 
self -tapping section 74, with unscrewing impossible, at the 
level of the fracture FR3 and in particular in the trochanter 
and sub-trochanter regions. The compression is distributed 
along the femoral diaphysis by application of the plate 
anchor portion 80 against the diaphysis. this distribution 
being notably effective when the forces applied in a sub- 
trochanter fracture FR3 are high. Relative to the seating of 
the implant on the diaphysis, the lever effect due to lateral 
microdisplacements and vibrations are attenuated by the 
retention of the distal end 76 of the end-piece 7 in the upper 
shank 81 and the damping washer means 9 accommodated 
in the shank spot facing 88. The body 3a of the implant is 
held axially. preventing intra-cephalic movement. The dis- 
tribution of compression combined with the attenuation of 
microdisplacements enhances rapid consolidation of the 
fracture. 

What we claim is: 

1. An implant for osteosynthesis of a fracture between first 
bone fragment and a second bone fragment, comprising: 
(a) an elongate implant body having a proximal end and 
a distal end. said implant body containing a longiiudi- 
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nal conduit extending from an opening in said proximal 
end toward said distal end. said body also containing a 
plurality of longitudinally spaced through openings 
extending radially outwardly from said conduit, said 
5 body proximal end being adapted for insertion within 
alined bores formed in the first and second bone 
fragments on opposite sides of the fracture; and 

(b) first self-tapping means arranged at one end of said 
fl body for connecting said body one end with the asso- 
ciated bone fragment. 

2. Arm implant as claimed in claim 1. comprising a plug 
located in said distal end of said body and obstructing said 
longitudinal conduit. 
l5 3. The implant as claimed in claim 2 wherein said distal 
end of said longitudinal conduit comprises a screwthread 
into which a screwthreaded shank of said plug is screwed. 

4. The implant as claimed in claim 1 wherein said distal 
end of said conduit comprises a counterbore opening to the 
exterior of said body and having a polygonal cross-section 

20 to receive a complementary cross-section end of a key for 
screwing said body into a hole in said first bone fragment 
and second bone fragment. 

5. The implant as claimed in claim 1 wherein said 
self- tapping portion is located at said distal end of said body 

25 to be implanted in said second bone fragment. 

6. The implant as claimed in claim 5 wherein said 
self-tapping portion comprises two screwthreaded sections 
having different screwthreads. 

7. The implant as claimed in claim 5 wherein said 
30 self-tapping portion includes at least one distal longitudinal 

notch for starting screwthread cutting. 

8. The implant as claimed in claim 1 wherein said 
self-tapping portion comprises a proximal screwthreaded 
section and a distal screwthreaded section, said distal 

35 screwthreaded section having at least one of pitch and 
nominal diameter respectively greater than the respective 
one of pitch and nominal diameter of said proximal 
screwthreaded section. 

9. The implant as claimed in claim 1 wherein said 
self-tapping portion is located at the proximal end of said 

40 body to be installed in said first bone fragment 

10. The implant as claimed in claim 9 wherein said 
self-tapping portion includes at least one distal longitudinal 
notch for starting screwthread cutting. 

11. Implant means as defined in claim 1. wherein said first 
45 self-tapping means is arranged at said proximal end of said 

implant body; and further including: 

(c) a tubular end-piece concentrically mounted far sliding 
movement on an intermediate portion of said implant 
body between the ends thereof; 

30 (d) second self -tapping means mounted on said end-piece 
for connecting said end piece with the other of the bone 
fragments; and 
(e) damping means connected with the other end of said 

55 implant body for biasing said end piece toward said 
proximal end of said implant body. 

12. Implant means as defined in claim 11. and further 
including: 

(0 a diaphysis plate containing a through opening in 
^ which said end-piece is mounted, said end piece having 
an external flange portion that limits the extent of travel 
of said end-piece toward the implant body proximal 
end; and 

(g) means for securing said diaphysis plate to the second 
65 bone fragment. 

* « * * * 
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